Average Brain Models: A Convergence Study by Guimond, Alexandre et al.
HAL Id: inria-00072934
https://hal.inria.fr/inria-00072934
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Average Brain Models: A Convergence Study
Alexandre Guimond, Jean Meunier, Jean-Philippe Thirion
To cite this version:
Alexandre Guimond, Jean Meunier, Jean-Philippe Thirion. Average Brain Models: A Convergence
Study. RR-3731, INRIA. 1999. ￿inria-00072934￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
THÈME 3
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Average Brain Models: A Convergence Study
Alexandre Guimond — Jean Meunier — Jean-Philippe Thirion
N° 3731
Juillet 1999
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
 	
   !	#"$&% '())*
+,.-0/1325467-98;:5<.=?>@254BA;CED3-F132HGI-F:525<.-F67JKCED3-L1M2!NOQP5<.,R<.S5ST-VUP<R6<R>@2
WYX[Z]\_^`acbedFfg^hjilkmfgnpo0d)X[o0\_\_^qr\i0ksX[npd[^lt
np\_i0u0^7v]t[wxold[d[y^vt[ko0dzdzi{n|vgvji{dMk^v
}Bhjo{~^]fB[n|w[i{[hj^
i0[Molhfwx^Qhj^ksXz^]hsksX[^d35`L`[)a0[npp^f70la[Mi{u0^7v
)!][00I ^K[hj^vg^]dFf_ik]o0\_[p^fg^?i0xfgol\ifgn|k\_^fgXzoLwfgo[zn|w9gvfji{z^ i¢¡0^hji0u0^#i0dzifjo0\_npki{$\_oLw[^]|v_o{£¤fjX[^
XL[\i{d¥zhji0ndzvgndzu;i¦v^]fo{£Y\i{u0dz^fgn|khj^vgo0dzi0dzk^K§R¨;¤©Qnp\i{u0^7v]ªWYX[^«\_oxwx^]|vk]o0\_[xfj^w[hj^vg^]dFfQf¬$o¦n\_3o0hgfji{dFf
ksXzi0hjilkmfj^]hjnpvfgn|k]v­i0di¢¡l^]hsi{ul^¤npdlfj^]dzvgnf#i{dzwKi0di¢¡l^]hsi{u0^vXMi{3^0tx3o{fgXKnpd¦ivnpd[u0p^n\i0u0^0ª  ^Q[hjo¡Fn|wx^hg^7vz®fsvvX[o¬npd[u
k]o0dL¡0^hgul^]dzk]^Efgo¬Yi{hswQfjX[^k^dFfghjo0n|wo0£zfgXz^n\i{ul^v^]f5Mv^7w£¯olh5fgX[^k]o0\_[xfsifgnpo0d°o{£3fgXz^\°oxwx^Rªbed_zi{hgfgn|kzpi0ht¢fjX[^¤¨;±
wxn|vfji{dMk^v3^f¬$^]^]d«fgX[^²\°oxwx^3i0dzw_fjX[^¨;³n\i0u0^vkoldlfsi{npd[^w_npdfjX[^vg^fYvfsi{[nppn´^¤npd#ihsi{d[ul^o{£![ª µlµ{\_\fjo `zª `l¶{\_\
£¯hjo0\·ihsi{dzu0^o0£¹¸zª ¶l\_\ºfgo_»xª¼»x\°\ºnpd[n®fjnpi0pi£½fj^]h$o0d[p_o0d[^²n®fj^]hsifgnpo0d¾ª¿²vT£¯olhTfjX[^¤npdxÀzz^]dzk]^²o0£ÁfgX[^hg^]£¯^]hj^]dzk]^np\_i0u0^
ksX[oFv^d_£¯o0hTfgX[^\_oLw[^]Mk]o0dzvfghjzkfgnpo0d¹tlfgX[n|vnpv\_nd[np\i{3¬n®fjX#wxnÂ3^hg^dzk^7vEo0£¾i{3o0xf0ª Ã{\_\Kt{£¯hjo0\·i{[zhgo¢Äxnp\_i{fg^°`[ª¼»\_\
npd[nfgn|i{plªEWYX[^vg^Qhg^7vz®fsvY^]dzvg[hj^¤fjX[^Qzvg^£¯[pd[^vjvo0£!o0zhi{[[hjolilksX¹ª
Å¦ÆFÇ@ÈgÉ Ê Ë0 ¿¤dzifjo0\_n|k]i{¹¿$fjpilv]t[¿!¡0^hji0u0^Q¨Koxwx^]Ìt[^u0n|vfjhji{fgnpo0d¹tz¨¦i0u0d[^]fgn|k^vgo0dzi0dzk^be\i{ulnd[uK§R¨;b©mª
ÍYÎMÏÐsÑ¼Ò|Ó[ÐsÒ¼ÔeÕ7ÐsÖ¢×¢Ø.ÔÙ ÚmÛ7Ñ¼ÏÜmÖ¢×{ÝÞÌÜmß7à¢ÑáÐ7Ù Ñ¼Ö¢Ø.ÑáÐ7Ù âpØãBä Ö¢Ñ åÔØ.ÞÌÑ æRçB×¢ÔEèÜmÖ]æRØ.çgÐsÒ|élêÙ ëxÙì7íîmï7é0ð]Û¢ññÛ7ØRÞÌÐsÒ¼Ô$ê@ÔÖæÌØ.Ôeò|ó5Ñ¼Ò¼Ò¼Ômé{èÜmÖæÌØ.çÐsÒ3ô|õÛ¢çö0Ôñg÷réFø!ùêùmú]ûêÁÐsÖÐs×Ð7Ù
 ] *)·( "!(9 )$'(# ) "$ !	)"$
	 
 	  o0zv)[hjyvg^]dFfgoldzv)[d[^9\°y]fgX[oxwx^kol\_[Z]fg^\°^dFfi{[fgo0\i{fgnlz^9wx^9koldzvfjhgMkmfgnpo0dwx^V\_oxwxZ^7v#\_o0^dzv
i0dzifjo0\_nF[^7vvfji0[p^v _wx¥k^hg¡l^i0 XL[\i{npd^]dxfgnppnpvji{dFf[d¥^dzv^\[p^w n\i{ul^vw[^hgy7voldzi{dzk]^ \i0u0d[y]fgnlz^K§R¤¨;©ª
¾^vB\_oxwxZ]p^vTk]i{|kzyYo0dFfTwx^xÄ°ki{hsi0kfgy]hjn|vfjnF[^7v¾np\_Molhfsi{dFfg^7v]­![d[^npdlfj^]dzvgnfgy\_o0^d[d[^$^fTzd[^Y£¯o0hj\_^$\_ol^]d[d[^ltfgolxfg^7v
wx^xÄ#w[i0dzv$[d[^v^[^np\_i0u0^lª  o0zv$[hjyvg^]dFfgoldzv$wx^vhgy7vz®fsifjv$\_o0dFfjhji0dlfpi°koldF¡l^]hju0^dzk^¤w[#\_oxwxZ]p^²¡l^]hsvTp^k^]dFfjhgoÌwx^
wx^  ^]dzvg^]\ [p^;w np\i{ul^v_xfjnpnpvgy]^7v«po0hsvwx^¦|i¥ko0dMvfjhgzkfgnpo0d¹ªBd³zi{hgfgn|kznp^]h7tp^v)wxn|vfsi{dzk]^v¤¨;±^dFfghj^¦^¦\_oxwxZ]p^
^]f_p^v°np\i{u0^7v_wx^) ^]dzvg^]\ [^¦vg^vfji0[npn|v^dFf_iV npdlfj^]hjn^[hw [d npdFfg^hg¡i{pp^)wx^;xª µ0µ0\_\9`[ª `0¶0\_\ i{[hjZv°v^[p^]\_^]dFf
[dz^ nfgyhji{fgnpo0d¹tÁk^7v¤¡i0^[hjv¤y]xfsi{dFfQw[i{dzv²[d;npdFfg^hg¡i{pp^ wx^°¸zª ¶l{\°\)»[ª »[]\_\ ndzn®fjnpi0^\°^dFfª²zi{dFf# npdxÀz[^dzk^_wx^
 np\i{ul^w[^Qhgy]£¯y]hj^]dzk]^ksXzo0n|vnp^²3o0zhpik]o0dzvfghjzkmfjnold#\_oxwxZ]p^0tz^]p^Q^7vf\_ndzn\_^i¢¡0^7k²w[^vwxnÂ@y]hj^]dzk]^vw ^]dL¡Lnhjo0dKÃ[ª {\_\Kt
npd[nfgn|i{p^]\_^]dFf¤i_`[ª¼»\_\Kª ^vYhjyvg[fjifsvi0vjvzhg^dlfY xfjnpnfgywx^Qd[o0fghj^Qi{[[hjoxksX[^0ª
! Ê  È " 	  ¿$fg|i0vi0dzifjo0\_nF[^ltz¨KoxwxZ]p^Q\_o0^d¹tx^ki{|i{u0^ltLbe\_i0u0^hgnp^²Mi{hhjyvgo0dzi0dzk^\i{u0dzyfgnF[^§¯b¤¨ ©mª
 
	 `
  '!K(#"T' 
¿¤d np\°3o0hgfji0dFf¤fgoLolMv^7wKfgowxnpi0u0d[oFv^ i{[d[olhg\i0!i{dMifgol\_npki{¾¡i0hgn|ifjnoldzv¤i0hg^ \°^7wxn|k]i{5ifjpilv^7v! p"rªQW¾hsi0wxnfgnpo0dMi{¾old[^vt
vgzksXilvLW!i0pi0nhsi0ksX$# W!o0[hjd[o0[Ä% ¼&"Yo0h_±xksXzi{fg^d[[hsi{dzw$#  i{Xzhg^d' `"ÌtTi0hg^#[hg^7v^dFfg^wnpd¥fj^ÄLfg3oLo)(xv]tBzxf_k]o0\°q
[[fg^]hjnp´]^wVifjpilv^7v²k]o0\_[hjnpvgndzu#npdx£¯o0hj\ifgnpo0dVnd9i#\_olhg^ [hjilkmfjnpki{Bi{dzw Fzi{dFfgnfji{fgnp¡0^ \_i0d[d[^hi0hg^ M^7kol\°npd[uKi¢¡i{nppi0[^
 ¸zt¹»xtÁ¶zt¹xtÁµ[tÁ[t5Ã[tB0{t57xt7`xtB]¸zt¢»LtB¶"ÌªWYXz^]¦zvgzi{pp¦ndzk]Mwx^ npdx£¯olhg\ifjnold olxfji0nd[^7w¦£¯hjo0\ iv^]fo0£vg[x~^kfjvt
ilv_o0[3olvg^w?fgo¥ivnpd[u0p^ndzw[n¡Ln|wxzi{npd \_olvf_Mi{3^]hifjpilv^7v]t\_i)(Lnd[uVfgXz^]\ \_o0hj^Khg^[hj^vg^]dFfji{fgnp¡0^#o0£iVMol[[|ifjnold¹ª
*zo0h°^Ä[i{\_[p^0t5fjX[^K¨¦o0dFfghj^i0  ^[hjo0po0u0n|k]i0Ebedzvfgnfgxfj^9§Ì¨  b©zvg^wfjX[hj^]^XFzdzwxhj^w?i0dzw,+z¡l^V§.`lÃl»l©d[o0hj\i{$v[[~^kmfsv
fjo [[np|w?i{di{fg|i0v ko0\_[hjn|vnpd[u¦npdlfj^]dzvgnf9¡i0hgn|ifjnoldzvi£½fj^]h°i-d[^#hj^]ulnpvfghsifjnoldnd¥fjX[^)vfg^hg^o{fsi0kmfjnpkvgzilk^#wx^
+zd[^7w¥L
Wi{|i{nphjilksX.# W¾ol[hjd[o0xÄ/ µ&"rª)WYXz^vg^°\_^]fgX[oxw[vi0pvgoK^]dzi0[p^_fgX[^«ki{|k[|ifjnoldVo0£$d[olhg\i0EvXzi0M^¡i0hgn|ifjnoldzv]t!vzksX¥ilvnd
fjX[^¬$o0h()o0£10^]^ 
243  "¬XznpksX;zhg^7v^dlfi«vfsifjnpvfgn|k]i0¹£¯hsi{\_^]¬$o0h(«£¯olhfgXz^ koldzvfghjzkmfjnold¦o{£E[[ulhjilw[i{z^vfji{fgn|vfjnpki{
i{fg|i0vg^vt3i0dzw;WYX[ol\°Mvold#·W¾oluli5 pµ&"5¬X[n|ksX;[hj^vg^]dFfjv²i«[hjo0Mi{[npn|vfgn|kifjpilvo{£BfjX[^°XFz\_i0d¦[hsi{npd;zi0vg^wKold;hsi{dzwxol\
¡l^kmfjo0h6+z^pw#fghsi{dMv£¯olhg\ifjnoldzvª
WYX[^T£¯o0po¬npd[u¬$o0h(i0n\v¹fgo²w[^]¡0^oli{dzw¡i0n|w[ifj^ik]o0dzk]^]xf5wxhsi£½fg^7wnd i[hj^]¡Lnpo0zvÁMi{3^]h7 7&"lfjo[[np|wi{di¢¡l^]hsi{ul^
\_oxwx^]@o0£ÁfgX[^²XFz\_i0d«[hsi{npdzvgnd[u°ivg^f$o{£¹\i{uld[^fjnpk¤hg^7voldzi{dzk]^§R¨¦²©Enp\i{u0^7vEolxfji0nd[^7w_£¯hjo0\ºd[o0hj\i{Mvg[x~^7kmfsv]ªBWYX[n|v
\_oxwx^]²Xzi0vf¬onp\°3o0hgfji0dFf)ksXzi{hsi0kfg^hgn|vfjnpkv]­¦i¢¡l^]hsi{u0^#fgn|vgvg[^;npdFfg^dzvnf i0dzw i¢¡0^hji0u0^)fgn|vgvg[^;vgXzi{3^¦[ fgo?i0d³i-d[^
fjhji0dzv£¯olhg\i{fgnpo0d¹ª  ^npdFfg^]dMw fjo¦wx^]\_o0dMvfjhji{fg^ fgXzi{ffjX[^\_oxwx^]Ek]o0dzvfghjzkmfjnold9k]o0dL¡0^hgul^vfgo¬Yi{hsw¦fgXz^_k]^]dFfghjo0n|wVo{£TfjX[^
¨¦ np\i{u0^Qvg^f7ª
Average
Images after
affine registration
Images after
elastic registration
Average
image
model
Average
Reference
Database
elastic registration
Deformations after
deformation
*npu0[hj^_0­B¿!¡0^]hsi{ul^²\_oxwx^¹ko0dMvfjhgzkfgnpo0d\_^fgXzoLw¹ª
¿²vw[^][n|kmfj^w npd8*npu0[hj^lt¤ol[h)\_^]fgX[oxwIki{dM^vz\°\i0hgnp´]^7w³ndIfgX[^V£¯o0ppo¬nd[u \i{d[d[^hª·¿-_dz^Vhj^]ulnpvfghsifjnold
3^f¬$^]^d?i{pBfgX[^#n\i{ul^vo0£fjX[^#vg^fi{dMw¥iKhg^]£¯^]hj^]dzk]^°np\i{ul^«ko0hjhj^kmfsv²£¯o0h3olvgn®fjnold[npd[u;i{dzw9ulolzi{EvgXzi{3^#wxnÂ@^]hj^]dzk]^v
wxz^¤fjofjhji0dzv|ifjnold¹tFhgo0fjifjnold¹tLvgki{pnd[u i{dzw)vX[^7i{hjndzuztLi0v¬^@i0vu0po0zi0Mpnpd[^i0hnpdFfg^]dMvnf_¡¢i0hgn|ifjnoldzvTw[[^¤fjo°ilk F[n|vnfgnpo0d
zi0hji0\_^fg^hjvYolh[hj^][hjoxk^vjvgnd[uMªBWYX[^vg^i{hj^¡¢i0hgn|ifjnoldzvfgXzi{f²i{hj^d[o{fo0£5k]o0dzk]^]hjd#£¯olho0[h²vfjzwx0ªBpilvfjnpkhj^]ulnpvfghsifjnold#n|v
fjX[^]dKzvg^w)fgo_^¡¢i0Mifg^Qhj^vgn|wxzi{@¡i{hjn|ifgnpo0dMv$w[[^fgo[zhg^\_o0hj[X[ololu0n|k]i{@wxnÂ3^hg^dzk^7vi{dzw[hjoxwxzk]^np\i{ul^v$Xzi¢¡Lndzu fjX[^
vji{\_^vXMi{3^°ilvfgX[^_hj^£¯^]hj^]dMk^0ª°¿¾¡l^]hsi{ulnd[u#fgX[^_hj^vgnpw[zi{Bwx^]£¯o0hj\_i{fgnpo0dzvi0dzw;fjX[^_oxki{p¦hj^]ulnpvfg^hg^7w;np\_i0u0^7v²Lnp^]|w[vi{d
i¢¡l^]hsi{u0^Qwx^]£¯o0hj\ifgnpo0d¦i0dzw;i{d;i¢¡l^]hsi{ul^npdFfg^dzvnfn\i{ul^0tMhg^7v3^kfgnp¡0^]p0ªWYXz^i¢¡0^hji0u0^Qwx^£¯olhg\i{fgnpo0d¦n|vfgXz^]d i0[[pn^7wfgo
fjX[^ i¢¡l^]hsi{u0^np\_i0u0^fjo«[hjoLw[zk^QfjX[^\_oxwx^]Ìªbrf¤[hj^vg^]dFfsvnpd;i«vnpd[ul^Qnp\i{u0^ i{d¦i¢¡0^hji0u0^ndFfj^]dzvgn®fKi{dMwvgXzi0M^\_oxwx[po
i0dKi-d[^fghsi{dzv£¯o0hj\ifgnpo0dkolhghj^vgMoldzwxnpd[ufjo_fgX[^i-d[^QksXzi{hsi0kfg^]hjn|vfjnpkvTo0£!fjX[^Qhg^]£¯^]hj^]dzk]^²np\i{ul^0ª
¿¤®fjX[o0[ulX vgn\_nppi0h¤npd¦fg^hg\_npd[o0po0ul0t[fjX[^ i¢¡l^]hsi{ul^vgXzi0M^°i{dzwfjX[^ i¢¡l^]hsi{u0^npdFfg^]dMvnf¦ksXzi{hsi0kfg^]hjn|vfjnpkvYXzi¢¡0^w[n®Â@^]hj^]dFf
[zhg3olvg^vª)WYX[^)i¢¡0^]hsi{ul^ vgXzi{3^«hj^][hj^vg^]dFfsvQi{d¥i¢¡0^hji0u0^°o{£9 ;:=<>4	@?A6B@2C@D ª;WYX[n|vQnpvu0^d[^]hsi{pViK¬^Ezdxq
wx^hjvfgoLoxw¦koldzk^xfªFE²dKfjX[^o{fjX[^]h²Xzi{dMwÁt[fjX[^ i¢¡l^]hsi{u0^npdlfj^]dzvgnf)n|v\_^i0dFffgo#i¢¡l^]hsi{ul^¤fjX[^ ;:GD
HJIK?BL:DM>	
2LNAAO=H2;2@<GP?AQOGNB2L@.:G 9 2R
A ª¿|voMt!ilvgvg[\_ndzu50i0zvjvn|i{dd[olnpvg^_nd¥^7i0ksX¥¨¦·vgki{d¹t¾fgX[^«i¢¡l^]hsi{ul^npdlfj^]dzvgnf
npdzkhj^ilv^7vfgX[^vgnuldzi{@fjo_d[o0n|v^hsifjno_npd)fjX[^Qhj^vg[®fjndzu°\_oxwx^¹ko0\_zi0hg^7w#¬nfgXKnpdzwxnp¡LnpwxMi{¹vjk]i{dMv]ª
WYX[^ \i{npd;ko0dFfjhgnp[xfjnold;o{£5fgXznpv²zi{3^]hn|vfgXz^°wx^7vgk]hgnpxfjnold¦o{£Ti_£¯[ppKi0xfgol\ifgn|kfj^ksX[d[nF[^fjo#olxfji0nd;i0d 
	
S2;
DB2LT i{dzw A<>B:G n\i0u0^0t$[hjoxwxzknpd[u9fgXz^ 	 9 !U tYi{dzwfgo?vgX[o¬ fjXziffjX[n|v\_oLw[^]Ìt[fjo?i{d i-d[^
VWV ÖXzùûsù7í
¸   OG 9   OGS@ <B@
fjhji0dzv£¯olhg\i{fgnpo0d¹t3npvvfji{z^ ¬n®fjX;hg^7v3^kf¤fjo#fjX[^ ksX[olnpk]^o0£BfgX[^°ndzn®fjnpi0!hj^£¯^hg^dzk^np\i{ul^ i{dMw¦hg^M^7ifj^w;i0[[pnpkifgnpo0dMvo{£
fjX[^i{pu0olhgnfgX[\ §¯nfg^]hsifjnoldzvs©mª
WYX[^$\_olvfvgn\_nppi0h5¬olh(hg^uli0hjwxnpd[u¤i¢¡l^]hsi{ul^BndFfg^dzvgn®fQifjpilv^7v¾n|v!fgXzi{fo0£$oLo)(xvfj^]npd  ¼{Ã&"x¬X[okhj^ifj^w£¯hjo0\dznd[^¨¦
vjk]i0dzvi f¬o0qrwxnp\_^]dzvgnpo0dzi03np\i{ul^hj^]zhg^7v^dlfjndzufjX[^i¢¡0^hji0u0^npdFfg^]dMvnf#o0£¾fgXz^Q\°n|wLqevgi0u0nffsi{Á[|i{d[^lªEWYX[nphfj^]^]d\i{dLzi0p
n|wx^]dFfjn +z^7w¥|i{dzwx\i0h(xvQnpdfgX[^)\_npwLqevji{u0nffsi{Ezpi0d[^«o{£^7i0ksX¥vjk]i{d¥¬Xz^]hj^\_i{fjksX[^7w¬n®fjXi¦hj^£¯^hg^dzk^np\i{u0^#zvnpd[u¦fjX[^
fjX[nd[qÌ[|ifj^v[pnpd[^YndFfg^hg3o0|i{dFf6 [B"rªWYX[^Yd[npd[^$hg^7vgi0\_[^7wnp\i{u0^7v¬X[^]hj^TfjX[^]d_i¢¡0^hji0u0^7wfgohg^7v[fBndFfjoi²\_o0hj[X[o0\_^]fghjnpk
i¢¡l^]hsi{u0^$ifjpilv]ª E²[hB\_^fgXzoLw_wxnÂ@^]hsv5\_i0ndzLQf¬$oQi0vgM^7kmfsv]ª *!nphsvf7tli0v5vg[u0ul^vfg^7wL	$oLo)(xvfg^]npd  ¼{Ã"Ìtl¬^Y\i(l^T£¯[p[zvg^
o0£3fjX[^YfgXzhg^^qewxn\_^dzvnpo0dMi{pn®fo0£MfjX[^¤vjk]i0dzvfgok]o0\_[xfj^ifgX[hj^]^]qrwxnp\_^]dzvgnpo0dzi0[i¢¡0^]hsi{ul^Tnp\i{u0^lª5±x^koldzwÁtlo0[hBhj^]ulnpvfghsifjnold
\_^fjX[oxw npv)i{xfjo0\ifjnpkKi0dzw³kol\°zxfg^7v«i¥wx^]dMv^;wx^]£¯o0hj\ifgnpo0d%+z^pwnpdzvfg^ilwo{£i{d npdlfj^]hjMolpi{fg^7w£¯zdzkmfjnold³zi0vg^w o0d
fjX[nhgfg^^]d9pi0dzwx\i{h(xv]ªQWYX[n|vwx^£¯olhg\i{fgnpo0d;n|wx^]dFfjn +z^7v²£¯o0h^ilksX;¡0o¢Äx^]o{£TfgX[^_hj^£¯^]hj^]dMk^fjX[^_ko0hjhj^vgMoldzwxnpd[u«3olvgn®fjnoldzvnd
fjX[^¤o0fgX[^h$vjk]i0dzv]ª  nfgX[npdfgXznpv[hjoLk]^vjv]tl^]¡l^]hj ¡lo¢ÄL^[o{£ÁfjX[^¤hj^£¯^hg^dzk^²k]i{d3^fjX[o0zu0X«o0£ÁilvTipi0dzwx\i{h( i0xfgol\_i{fgn|k]i0p
wx^]fg^hg\_npd[^wnpd)fjX[^Qo{fjX[^]hvjk]i0dzvª
WYX[^ ¬olh( o{£fgX[^9¨  b_u0hjo0z  µ"rt¬X[^hg^¦fjX[hj^]^¦XL[dzwxhj^w³i0dzw%+z¡l^§.`lÃl»0© fjX[hj^]^qewxnp\_^]dzvgnoldzi{¨¦ vgki{dzv«¬^hg^
hj^]ulnpvfg^hg^7w_zvnpd[uQfjhji0dzvgpi{fgnpo0dzvt0hjo{fsifgnpo0dMvTi{dMwvgki{pnd[uFv]tFi{dzw#i¢¡0^]hsi{ul^wfgo [[nppw«i vfsifjnpvfgn|k]i0zd[^[hgoFi{dzi{fgol\°n|k]i0[\_oxwx^]Ìt
i0pvgohj^]|ifg^7v¹fjo¤ol[h¾¬$o0h(@ª  ^$^]dzhgn|ksXfgX[n|vnpw[^iL[hjoLk]^]^7wxndzu£¯[hgfgX[^h!npdzvgnpd[u²i¤^7vgvkoldzvfjhji0ndz^wfLM^o{£zwx^]£¯o0hj\ifgnpo0d
i{£½fg^]hfgX[^Qi-d[^Q\i{fjksX)fgo«i0kkol\°\_oxw[i{fg^²£¯o0hpoLki{¹vgXzi{3^¡i{hjnpi{fgnpo0dzvª
bed)fgX[^Qvji{\_^¡0^nd¹t  oLoxw[v 2643  p`&"¾wx^7vgk]hgnp3^i \_^fjX[oxw#fjXzif6+zdMw[v$£¯hgol\ i_v^]fo{£!np\i{ul^vYi k]o0\_\_o0dKvMi0k^²fgXMif
[hj^vg^]hj¡0^7vfgX[^i¢¡l^]hsi{ul^¤o0hjnp^]dFfji{fgnpo0d¹t[vgn´^0t3i{dzwKi-d[^vgXzi0M^Qo0£!fjX[^u0hjo0z)L#hj^]ulnpvfg^hgnpd[u_i{p¹3olvjvnp[p^Qzi{nphjvYo0£np\i{ul^v
nf_k]o0dFfji0ndMv]ª ¿!¡0^hji0u0npd[ufgX[^)n\i0u0^v i£½fj^]h_i-d[^#\i0[[npd[u¦fgo fgX[n|v°ko0\_\_o0d?vgzilk^#zhgoxwxzk]^v i{d?i¢¡0^hji0u0^_npdlfj^]dzvgnf
[hsi{npd#i{fg|i0vBnpd«fjX[^²i¢¡l^]hsi{u0^i-_dz^¤vMi0k^lªWYXz^]nph\_^fjX[oxwn|vk]o0\_[xfsifgnpo0dMi{p ¡0^]hj°ndFfg^dzvgn¡l^¤i0vTn®fYhg^ F[nhj^v


hj^]ulnpvfghsifjnoldzv]t
;3^]npd[u fgX[^dL[\3^]hYo0£!vzx~^kfjvYnpd«fgXz^ulhgol[¹ª5WYX[^zi0vgn|k¤wxnÂ3^hg^dzk^3^f¬$^]^]d)fgXznpvYi{z[hgoFi0ksX#i0dzwfjX[^
old[^L«fjX[^ ¨  b$ulhgol[KnpvfgXzi{ffgXznpv¤o0d[^+zdMw[vfjX[^i¢¡0^hji0u0^i-d[^vgzilk^0tz¬X[^]hj^ilv$fgX[^_¨  bY\_^fjX[oxwKzv^7vWi{|i{nphjilksX
vgzi0k]^0ª
WYX[^°i¢¡0^hji0u0^vXzi0M^°koldzk^xf¤n|v¤\_olvf²vgn\_nppi0hfjo«fgXz^3^i{[fgn£¯[!¬$o0h(o{£5fgX[^$hgo¬d  ilvXznd[u0fgoldulhgol[, ¸[tÁ0 "rt
¬X[o#Xzi¢¡0^[xf¤fgo0ul^fjX[^]h¤i£¯hji0\°^¬olh(npd¦¬X[n|ksXKfgX[^ ko0dMvfjhgzkfgnpo0dKo{£Bi_fj^]\_[|ifg^£¯hgol\ ivg^f¤o0£Bi0dzifjo0\_np^vYn|v[hjo¡0^d
fjo¦\°npd[np\_n´^wVfgX[^#^]d[^hgul¦o{£$fgX[^«wx^]£¯o0hj\ifgnpo0dMvhg^ lznhj^w;fgo¦\i{nfo0dFfgo¦i{p5fgXz^«^]p^]\_^]dFfsvo{£$fgXzi{fv^]fª E²[hQ¬$o0h(
k]o0\_[p^]\_^]dFfjvfgX[^nhsvnpdKfgXMif¤¬$^[hjo¡Lnpwx^Fzi0dFfgnfjifjn¡l^Q\_^i0vg[hj^]\_^]dFfsvkoldG+zhj\°npd[u_fjX[^]nph£¯olhg\ [pi{fgnpo0d¹t[fgX[ol[u0X¦¬$^wxo
d[o0fko0\_[[fg^v\i{pÁwx^£¯olhg\i{fgnpo0dzvYi0vn|vYhg^ lznhj^w_£¯olh$fgX[^nhY[hjoLo{£ª5brfvX[ol[|w«3^dzo{fg^7w«fjXzifYo0zh$hj^vg[fgnpd[u°\°oxwx^Ái{|vo
npdzkpzwx^7vi¢¡0^hji0u0^²ndFfg^dzvgn®f«npdx£¯olhg\ifjnoldi0dzw#fgXzi{fo0[hhj^vgM^7kmfjn¡l^ulhgol[zv$zvg^Qwxn®Â@^]hj^]dFfhj^]ulnpvfghsifjnold«\_^fgXzoLwzv]ª
¾^hjnlz^]hEi{dMw 0^^  ¢ "MXMi¢¡0^i{|voQwx^¡0^olM^7w°i\_^]fgX[oxw fgXzi{fT[hjo¡Lnpwx^7v]t{£¯o0hEiu0np¡0^d ulhgol[_o{£Ávzx~^kfjvt{fgXz^\°^7i{d
vgXzi{3^i{dzw fgXz^°\_oxwx^7vo{£zhgnpdzknpzi0B¡¢i0hgn|ifjnoldVi0old[u)¬nfgXVfgXz^]nphi{\_[pn®fjzwx^0ªWYX[^nhi0[[hjolilksX;npvQvg^fQnpd9iKvfji{fgn|vfjnpki{
£¯hsi{\_^]¬$o0h( i0dzw i0n\vifw[^]hjn¡Lnpd[uivgXzi0M^;\_oxwx^Rª E²[h#\_^]fgX[oxwIw[n®Â@^]hsv#npd³fjXzif¬^9i{np\&fjX[^Vi0dzi{pxvn|v«o0£oxki{
npdx£¯o0hj\ifjnold)hsifjX[^]hYfjXzi{du0po0zi0Ázifgfg^hgdzvª
WYX[^T¬olh(²[hg^7v^dFfg^wXz^]hj^Ti{|vohj^]|ifj^v¹fgofjX[^T\_^fjX[oxwxo0po0uln^7vÁo{£M±x[zvgo0 
2  3  7¶&"Ìt$oLo)(xvfg^nd  ¼{`&"xi{dzw^dzw[i0S {¸"
¬X[okol\_[xfg^Yi¢¡0^hji0u0^EvgXzi{3^v!\_oxwx[povgn\_nppi0hgnfo0h5i-d[^fghsi{dzv£¯o0hj\ifjnoldzv]ª  ^YXzi¢¡0^Td[o{ffghjn^7wQfjovfghjnpkfgp£¯o0po¬fjX[^
fjX[^]olhg#w[^]¡0^olM^7w«npd#fjX[^]nph¬$o0h(Lvª E²[hndFfj^]dFfgnpo0d¬$ilvfgo_ko0d[£¯o0hj\·fgo°fgXz^n|wx^7i o0£!\i(Lnpd[u_i{zvfghsi0kfgnpo0d#o0£wxnÂ@^]hj^]dzk]^v
3^f¬$^]^dnp\i{ul^v_wx[^fgo,+Mhjvfo0hswx^]h°fghsi{dMv£¯olhg\ifjnoldzvtEi{dzw i{dMi{pF´^)hj^vgn|wxzi{Y¡i{hjn|ifgnpo0dMv]ª'E²[h\i{npdk]o0dFfghjnp[xfgnpo0d
hj^vgnpw[^vnd#fgX[^ksXzi{hsi0kfg^hgn|vfjnpkvEzvg^w«fgo [[nppw#fgX[^i¢¡0^hji0u0^vgXzi{3^0tFfjXzifYnpvTfgXz^²np\i{u0^²ndFfj^]dzvgn®fjn^7v$ndzvfg^7i0w#o{£¾|i{dzw[\_i0h(xv
olh¾khj^vfgpndz^vª¾¿uFi{npd¹t]fjX[n|v¹^]dMi{[p^v@fjX[^Tk]o0\_[xfsifgnpo0dQo0£Lw[^]dzvg^Twx^]£¯o0hj\_i{fgnpo0dzv +M^]|w[v¹hj^][hj^vg^]dFfjnd[uY¡i{hjn|ifgnpo0dMv@^]¡0^hgL¬X[^hg^
n|v!fgX[^¨¦vjk]i0d¹ti0v!o0[3olvg^wQfgondFfg^hg3o0|ifjndzufghsi{dMv£¯olhg\ifjnoldzv@£¯ol[dzwMvnpd[upi0dzwx\i{h(xv]t7npd[^7v!olhvg[hg£.i0k]^vª  ^$3^]pn^¡0^
fjX[npv¤fg^7ksX[d[nF[^\i¢ +Mdzw¦p^vjv¤i0kk[hsifj^Q\ifjksXz^vnpd¦fjX[^ k]oFv^vg[hjhgol[dzwxnpd[ulvo{£5fgX[^ pi0dzwx\i{h(xv]tM[xf[hgo¡Ln|wx^vM^]ffg^h
o¡l^]hsi{p3hj^]ulnpvfghsifjnold¹ª
¿²v#¬np3^9vgX[o¬d¹tk]o0\_zi{hj^wfjo?fjX[^vg^ [hj^]¡Lnpo0zv«^Â@o0hgfjvto0[h)\_^fgXzoLwI[hjo¡Fn|wx^7v«kp^i0hg^h«n\i0u0^v#¬n®fjXIX[npu0Xz^]h
k]o0dFfghsi0vfjvi0dzw\°olhg^vgXzi0hgKwx^+Md[n®fjnoldzvo0£!fjnpvjvg[^3o0[dzwzi{hjn^7v]ª¨¦olvfn\_3o0hgfji{dFfjltz¬$^Q[hgo¡Ln|wx^dL[\3^]hsvvgX[o¬ndzu fjX[^
k]o0dL¡0^hgul^]dzk]^¤o{£fgXz^Q\°oxwx^Áfgo¬Yi{hsw[vTfgX[^k]^]dFfghjo0n|w)o{£¾fjX[^Qnp\_i0u0^Qvg^fª
WYX[^hj^]\i0nd[npd[u¦vg^kmfjnoldzvQo0£fjX[npvzi{3^]hi0hg^olhguFi{d[np´]^7w;npdfgX[^_£¯olpo¬npd[uK\_i0d[d[^hª *nphjvft¬$^«wx^fsi{npBfgX[^#\°^]fgX[oxw
zvg^wfjo«koldzvfjhgMkmffgXz^i¢¡0^hji0u0^¤\_oxwx^Rª  ^fgX[^dzhg^7v^dlfhj^vg[fjvvgX[o¬npd[u°fgX[^ ko0dL¡l^]hju0^]dMk^o{£fgX[^\_^]fgX[oxwfgo¬Yi{hsw[v
i0d;i¢¡0^]hsi{ul^²npdFfg^dzvnfKi{dzw¦vgXzi{3^Q\_oxwx^]Ìt3i0dzw¦vgX[o¬IfjX[^^]Â3^7kmf¤o0£fjX[^ ksXzo0n|k^Qo{£Bhj^£¯^hg^dzk^Qnp\i{u0^lª  ^k]o0dzk]zw[^Li
wxn|vjkzvjvnpo0do0d)£¯xfj[hg^Qhj^vg^i0hjksX#fghsi0kA(xvª
 $'! ))]	Q*
"$#&% ')(+*-,/.103254!03,/687
WYX[^_¬$o0h(fgXzi{f£¯olpo¬vi0vjvz\°^7v^i0ksX MolndFfQnd9o0dz^°np\i{ul^XzilvQi)k]o0hjhg^7v3o0dzw[nd[u)^ F[np¡i{p^]dFfnpdVfgX[^_o{fjX[^]hsvªbrfi{|vo
ilvgvg[\_^vi¢¡¢i0n|i{z^¤i\ifjksXznd[u\°^]fgX[oxw«i0[p^fgo +zdzw_fjX[^vg^²k]o0hjhg^7v3o0dMwx^]dzk]^vEi0dzw«ki{zi0[^¤o{£¹[hjo¡Lnpwxnpd[ui¡0^kfgolh +z^pw
9;:WV<9>=
 
	 »
hj^][hj^vg^]dFfjnd[ufjX[olvg^«hj^]|ifgnpo0dMvX[npzvª#bedfjX[^]olhglt!d[^n®fjX[^]ho{£YfgX[^7v^)ko0dMwxn®fjnoldzvQn|vhj^i0np´]^7wÁª)WYXzi{fn|v]t5ifi¦\_n|khjolvjkol[npk
vjk]i0^lt¢fgX[^hg^$npvd[o0f5i²o0dz^Efgoo0dz^hj^]|ifjnoldzvXzn3^f¬$^]^dfjX[^Y[hji0nd k^]p|v!o0£[f¬$o²npdzwxnp¡LnpwxMi{|v]t{i0dzwilvgvg[\_ndzufgXz^]hj^¬Yi0vt7fgo
fjX[npvTw[i¢0t{dzoi0ulo0hjn®fjX[\n|vBi{[p^$fgo +zdzw n®f7ª5bed [hsi0kfgn|k^YX[o¬$^]¡l^]h7t¢w[^£¯o0hj\_ndzuold[^$[hji0nd_vgonfjvBvgXzi0M^Y\ifsksX[^vfjX[^Yo0d[^Yo{£
i0d[o{fjX[^]hEn|vEk]o0dzk]^]np¡¢i0[p^i{dzw°\i{dL i0ulo0hjn®fjX[\vhg^7i{pn´nd[ufjX[n|vB[hjoLk]^vjv5Xzi¢¡0^3^]^dwx^]¡l^]po03^w  [{t0¸ztF0»xtl{¶xtLlFtz¢FtM`&"rª
WYX[^)[hjoLk]^wxzhg^«Mv^7wnd¥fjX[^«£¯olpo¬npd[u;¬$o0h( n|vQfgXz^)wx^\°oldzv \°^]fgX[oxw  ¼{µ"$zvgnpd[u i;k]o0\_[p^fg^)u0hjnpwo0£wx^]\_o0dMv]ª  ^
[hjnp^Àz#w[^fji0n¾n®fX[^hg^Qi0dzwhg^]£¯^]h$fgX[^Qhj^ilwx^]h$fjo_fgX[^Qolhgnpu0npdzi{Ái0hfjnpk]^£¯o0h\_olhg^nd[£¯o0hj\_i{fgnpo0d¹ª
    "
¾x
	! Æ 	 Æ  Æ ! Æ 
 X[^d#i{z[np^w°fjo ¨¦³np\i{ul^vt{fgXz^²wx^\°oldzvEi0ulo0hjn®fjX[\ ki{d3^²koldzvgnpwx^hg^7w_i0vTi0do0xfjnpki{xÀMo¬¡i0hgn|i{dFf ¼{&"rª *[hjo0\ fgX[n|v
3o0npdFfo0£¡Lnp^]¬QtÁfjX[^«` np\i{u0^7v²fgoKM^_hj^]ulnpvfg^hg^7w i{hj^_ko0dMvn|wx^]hj^w i0vQi#fgnp\°^«vg^ F[^dzk^°hj^][hj^vg^]dFfg^7w;L ¬X[^hg^! #"$&%'(&)!n|vYi¡lo¢ÄL^z3olvgn®fjnold«npd«fgXz^²np\i{u0^²i{dzw*5npvTfgnp\_^0ªBbrfko0\_[[fg^vT£¯o0hsk^7vEL«koldzvfghsi{npd[ndzuQfgX[^²[hjnulXlfjd[^vjv
o0£[hsi{npdKvfjhgzkfg[hj^v$fjo_M^k]o0dzvfji0dlfnpdfgnp\°^vgo°fgXzi{f
+  +   -,.
WYX[n|vp^ilw[vYzv$fgo_fjX[^Qzilvn|ko0xfjnpki{@Àzo¬I£¯o0hj\[|ifjnoldV§R±x^]^H ¼{&"¹£¯olhwx^fsi{nppvi0MolxffgXz^wx^]hjn¡i{fgnpo0d¹ª¼©mt
/  021$3 4    4 565 0 1 73  565 % 
¬X[n|ksX°npv5fjX[^Y\_o¡0^]\_^dlfEk]o0\_Mold[^]dFf5nd°fjX[^[hjnulXlfjd[^vjvu0hsi0wxnp^]dFfBwxnphg^7kmfgnpo0d802193 : <;>=
?A@ 1B CD= 1$E F=G?A@ 1B CD= 1GH F=G?A@ 1B CD= 1JILK ª *zo0hdL[\_^]hjn|k]i{@vfji{znpn®f°hj^i0vgo0dMvE¬X[^d*02193 n|v$kpolvg^fgo ´]^hgoMt{fgXz^wx^d[o0\_npdzifjo0ho{£ÁfgXz^i0Mo¡l^Y£¯o0hj\[|in|vT\_oxwxn4+z^wfgo
hj^vg[fnd)fgX[^QMi0vgnpkwxn|vzpilk^]\_^dlf£¯olhg\ [|ifgnpo0d#£¯o0hYfjX[^wx^]\_oldzvi{pu0olhgnfgX[\ zvnpd[ui_kol\°z^]fg^u0hjnpw)o{£Bwx^\°oldzvt
/  021$  4    4 5M5 0 1   565 %ON 5 4 3  4  5 % .
 X[^d 5M5 0 1   565  P,°d[o«wxn|v[|i0k]^]\_^]dFfn|vko0\_[[fg^w¹ª
¿²vQ¬n®fjX?i{pEo0[fgn|k]i{EÀzo¬£¯olhg\ [|ifgnpo0dMvzi0vg^wVo0d¥wxnÂ3^hg^dFfgn|i{Bfj^ksX[d[nF[^vt!fgX[^«zhgol[^\ X[^hg^hj^vgnpw[^vnpd,+zdzwxnpd[u
fjX[^«kol\°3o0dz^]dFfjvo0£fjX[^\_o¡0^]\_^dlfnpdVfjX[^«wxnphg^7kmfjnoldzvo0hgfgX[olu0oldzi{!fgofgXz^u0hsi0wxnp^]dFfª«¨¦i0dL;hg^u0[|i{hjnp´ifjnold;\_^fjX[oxw[v
Xzi¢¡l^ 3^]^d[hgolMoFv^7w  `0Ã&"E^7i0ksXV¬n®fjXVfjX[^]nphvfghj^]d[u0fgXzvQi0dzw ¬$^i)(Ld[^vjv^7v]ª WYX[^_o0d[^_[hjo03olvg^w FVWYX[nhjnpo0d n|vfgo¦i0[[p
i0i0zvgvgn|i{d.+z®fj^]hQfjo¦^ilksXVo0£fjX[^fgXzhg^^«ko0\_3o0d[^dFfjvo{£ / ª)WYX[n|vQ[hjo¡Lnpwx^7vi¦v\_oLo{fjXw[npvg[|i0k^\_^]dFf+z^]|wnd¥ifjn\_^
^
-k]n^dFf¬$i¢lªbrfn|vQndFfj^]hj^vfgnpd[ufgo5(Ld[o¬ fjXzifhjo{q  np^]|vg^]di{dzw,0hji0\ (0o¬  `["TXzi¢¡0^vgX[o¬dVfgXzi{fhg^u0[|i{hjnp´]npd[u#fjX[^
wx^]£¯o0hj\ifgnpo0dP+z^pwzvgndzu_iH0i0zvgvgn|i{dP+z®fj^]hi0[[hjo¢ÄLnp\ifj^v$npd[^7i{h^]|i0vfgn|knf0ª
WYX[^\°^]fgX[oxwKn|vnfg^]hsifjn¡l^i{dzwK\i)(0^vYMv^o0£5i_\ [fgnqrvjk]i0^vjksX[^]\_^¬XznpksXKhj^vgo0p¡0^w#fgXz^[hjo0[p^]\ o{£ +zdzwxnpd[u«|i{hju0^
wx^]£¯o0hj\ifgnpo0dMv]t@i«kol\_\°old¦[hjo0[p^]\ ¬n®fjX;o0[fgn|k]i{!Àzo¬ fg^7ksX[d[nF[^v²i{dzw;i«zi0vgnpki0vjv[\_xfjnold;npd¦fgX[^£¯o0hj\[|ifjnold¦i{dzw
np\_[^\_^]dFfji{fgnpo0dKo{£!fgX[^wx^hgnp¡ifjn¡l^+M®fj^]hsv]ª
 Q  #Æ "¯SR	¥G ÆUT 3 Æ ¾
	½ Ç-VÊ !]¢W	3
 ^«\_^]dFfgnpo0dz^wVfgXzi{ffgXz^«hg^u0n|vfjhji{fgnpo0d9i{pu0o0hjnfgX[\ i0vjv[\_^7vfgX[^#vji{\_^npdFfg^]dMvnf;£¯olhkolhghj^vgMoldzwxnpd[u[hji0nd¥vfghjzkmfj[hj^v
npd¥fgXz^«n\i0u0^vQfgo;3^«hj^]u0n|vfg^]hj^w¹ª *zo0h i0volhfo0£hg^7i0vgo0dzvt¾vgzksX?i0v i0k F[n|vgn®fjnold9Mi{hsi{\_^fj^]hsvo0h[hj^]zhgoxk^7vgvgnpd[uzt¾fgX[n|v
\i¢«d[o0fM^fjX[^ki0vg^0ªBW¾ohj^]|iÄfjX[n|vkoldzvfjhji0ndFf7t[i pnpd[^i0hndFfj^]dzvgn®f)ko0hjhj^kmfjnold#n|v^]¡i0zi{fg^7w)i{f^i0ksXnfg^]hsifjnold)o0£!fjX[^
hj^]ulnpvfghsifjnold;[hjoLk]^wxzhg^lªbrfn|v²olxfji0ndz^wVF+zdzwxnpd[ufgX[^_pndz^ fjXzifQ3^vf +[fjvfjX[^~o0npdFfXznpvfgolu0hsi{\ o{£fgX[^°f¬$o)np\i{ul^v
§Ì±L^]^H*nul[hj^_l©mª WYXznpvpndz^°n|vo0xfsi{npd[^wVzvgndzu)pndz^i{hhj^]ulhg^7vgvgnold;i{dzw o0xfjnp^]hQhj^~^7kmfjnold¹ª *[hjo0\ ^ÄxM^hgnp^]dMk^0tÁ¬$^K(Fdzo¬
fjXzifYvzksX«i0dndFfj^]dzvgn®f_kolhghj^kfgnpo0d_[hjo¡Lnpwx^7vBnp\_i0u0^7vBnd¬XznpksX«3o0zdzw[i{hj w[^+zd[nfgnpo0dMvi0hg^k]^7i{hj^]hTi0dzw_M^]ffj^]hT\i{fjksX[^7wÁª
 6X #Æ " Æ  W! Æ;ÊY 
 Æ )Æ 
 "½J	[ZTW! YÌÊ  xJ	 Ê 
bedKfjX[^k]ilv^Qo0£npdFfg^]hgqev[[~^kmfdzo0dxqrhgnpu0n|w)hg^u0n|vfjhji{fgnpo0d¹t Fzi{dFfjn®£¯Lnpd[u_fgX[^ilk]k][hjilk«o0£5i_\_^]fgX[oxwKn|vwxn4-k][fªE²d[^Qko0zpw
wx^]£¯o0hj\ i{d n\i0u0^!¥zvnpd[u¥i.(Fdzo¬d wx^]£¯o0hj\_i{fgnpo0d]\ npdFfgo^F_ÌtThj^]ulnpvfg^h`¥¬nfgX]a_i{dzwkol\°Mi{hj^«fgXz^¦hg^7v[f_o{£¤fjX[^
hj^]ulnpvfghsifjnold¬nfgX\;tM[[f¤fgXznpvkol\°Mi{hjnpvgo0dnpv²[n|i0vg^wL#fjX[^¬Yi¢*\ npv¤u0^]dz^]hsifg^7wÁª *[olh^Ä[i{\_[p^0t@vgndzk]^QfgXz^ wx^\°oldzv
i0ulo0hjn®fjX[\ [hgoxwxMk^vYi v\_oLo{fjX)wx^]£¯o0hj\_i{fgnpo0dH+M^]|wÁtxn®£!fgX[^¡0^7kmfjo0hsvTo0£\ ¬$^]hj^fjo 3^u0^]dz^]hsifg^7whsi{dzwxol\_lt0fjX[^\°^]fgX[oxw
n|v^Äx3^kmfj^wVfgoK3^]hg£¯o0hj\ 3oFolhgp0ª_¿dzo{fgXz^]h\_^fgXzoLw9n|vfgoK[|i0k]^°|i{dMwx\i{h(Lvnpd fjX[^np\_i0u0^7v¤fjoKhg^u0n|vfj^]hQi{dzwV^]¡i0zi{fg^
wxnÂ@^]hj^]dzk]^v°M^]f¬^^]d pi0dzwx\i{h(xvi£½fj^]h_hj^]u0n|vfghsifgnpo0d §Ì±L^]^)£¯o0h°^Ä[i0\°z^. 7`"¯©mª  ovgzksXvfgzwx¥XMi0v M^^]dM^h£¯olhg\_^w
zvgnpd[u_fgX[^Qwx^\_o0dzvi0ulo0hjn®fjX[\Kª
VWV ÖXzùûsù7í
¶   OG 9   OGS@ <B@
*npu0[hj^x­5bedFfg^dzvnf#k]o0hjhg^7kmfgnpo0d)\_^fgXzoLw¹ª
9;:WV<9>=
 
	 
¿¤d_i0[[hjolilksX¬X[n|ksX n|vBiu0^]dz^]hsi{pn´7ifgnpo0d o{£MfgX[^[hj^]¡Lnpo0zvold[^Ynpvfjok]o0\_zi0hg^$\i{dLzi{[i0dzw°i{xfjo0\ifjnpk$v^u0\_^]dFfsifgnpo0d
zvgnpd[u«v^u0\_^]dFfsifgnpo0dK[hjo0Mi{uli{fgnpo0d¹tFfjX[^\i{dLzi0Áhg^7v[f¤vg^]hj¡Fnpd[u«ilvYu0hjo0[dzw)fjhgxfjX¥§R±L^^Q£¯o0h^]Ä[i{\_[p^H `F "½©ª  ^Q3^]pn^¡0^
fjX[npv_i0[[hjoli0ksX\i¢M^3^ffj^]h_vzn®fj^w¥fjo ^¡¢i0Mifg^#fgX[^ Fzi{pnf9o0£X[npu0Xwxnp\_^]dzvgnpo0dzi0Tfjhji0dzv£¯olhg\i{fgnpo0dzvvgzksXilvfjX[^
old[^v o0xfsi{npd[^wzvgnd[u fgX[^[hj^]¡Lnpo0zvgwx^7vgk]hgnpM^7wi0ulo0hjn®fjX[\ §¯fL[npki{p  9,', )   J,#wx^u0hj^]^7vo0££¯hg^^wxol\©ª
±LMksX i9vfgzwx Xzi0v°3^]^d3^]hg£¯o0hj\[hj^]¡Lnpo0zvg¥L i¢¬Yi{dFf 
2 43  `l`&"£¯o0h_fjX[^¦wx^]\_o0dMvi{pu0o0hjnfgX[\Kª W!o¥vz\°\i0hgnp´]^
fjX[^]nph¤¬$o0h(@t[ko0dFfjo0[hsvYo{£EwxnÂ3^hg^dFf¤[hsi{npdKvfghjzkfg[hj^vt[|i{hju0^Qi{dzwKvg\i{pRtMXzi¢¡0^3^]^]d;vg^]ul\_^]dFfg^7w)\i0dFMi{p)o0dKd[npd[^ ¨¦
np\i{u0^7v]ª6E²d[^o{£5fgX[^7v^Qnp\i{ul^vY¬Yi0vY\i{[3^w)fjo«i{p¹^]npu0XFfo{fjX[^]hnp\i{ul^vi{dMw)\i0dFMi{¹i{dMw)zhgolzi{uFifg^7w)vg^]ul\_^]dFfji{fgnpo0dzv
¬X[^hg^)ko0\_zi0hg^7wÁªKWYX[^]nphvgn\_nppi0hgnf npdzwx^]Ä9n|vwx^
+zd[^7w¥i0vQf¬$oKfgnp\_^vfgX[^#i0hg^7iK^]dzk]nhskp^w9L9Mo0fgXk]o0dFfgol[hjvQw[n¡Ln|wx^w
L;fjX[^vz\ o{£fgX[^«i0hg^7i0v^]dMknphjk]^7w L;^7i0ksXko0dFfjo0[h7ª°WYXznpvQnpdzwx^]Ä hsi{d[ul^v²£¯hgol\ ´]^hgo)fgo¦old[^0t¾¬n®fjX9´^]hjo)npdzwxn|k]i{fgnpd[u
´^]hjo o¡l^]hjpi0#i{dzw#o0d[^npdzwxn|k]i{fgnpd[ui3^]hg£¯^kfi0u0hj^]^\°^dFf$3^f¬$^]^d«f¬$o°k]o0dFfgol[hjvªbrfnpvYvg^]dzvgn®fjn¡l^fgo°Mo0fgX¦wxn|v[|i0k]^]\_^]dFf
i0dzw wxnÂ@^]hj^]dzk]^v²nd9vXzi0M^_i{dMw¦n®fQn|vfjXLzv[hg^]£¯^]hsi{[p^fjoi)vnp\_[p^°i0hg^7i«kol\°Mi{hjnpvgo0d¹ªWYX[^_i¢¡0^hji0u0^Qvnp\_n|i{hjnfnpdzwxn|k^7v
3^f¬$^]^d)fjX[^\i{dLzi{¹i0dzwi{xfjo0\ifjnpkvg^]u0\_^dlfsifjnoldzv$¬$ilv$Ãzª l¶[t[Ãzª Li0dzw)Ãzª µ0¸F»£¯o0h$fgXz^Q¬X[o0p^X[^ilwÁtLfgX[^k]^]hj^]3^]pz\
i0dzwfjX[^X[^7i0w o{£zfjX[^k]i0zw[i{fg^Yhg^7v3^kfgnp¡0^lª o0\_zi0hg^7w¬nfgX_npdlfjhji{qÌhsifj^]hhg^7vz®fsv!o0£@Ãzª LLt{Ãzª Li0dzw Ãzª µlµ[t¢fjX[^wxn®Â@^]hj^]dMk^
npd¦fgXz^ \_^i0d;vnp\_n|i{hjnf)npdzwxn|k^7v¤3^f¬$^]^d¦f¬o#\_i0dLzi{wx^]pndz^ifjnoldzv¤i0dzw¦3^f¬$^]^d¦fgX[^ \i{dLzi{wx^]pnpd[^i{fgnpo0dzv²i{dzwKfjX[^
i0xfgol\_i{fgn|k²vg^]ul\_^]dFfji{fgnpo0d«\_^fjX[oxw)i0hg^vfsifjnpvfgn|k]i0pvnpu0d[n4+Mki{dFf£¯olhTfjX[^¬X[o0p^X[^ilw#i{dMwfgXz^ki{zw[i{fg^[xfd[o0f£¯olhfjX[^
k]^]hj^]3^]p[\KªWYX[^Ki{xfjX[o0hsv[[f £¯olhfjX¥fgX[ol[u0X?fgXzi{f°vgn\_nppi0hgnfndzw[npk]^v o¡0^]h Ã[ª µl»¦k]o0hjhg^7v3o0dzw9fjoVk]o0dFfgol[hjvfgXzi{f°i0hg^
¡Lnphfjzi{p)ndMwxnpvfgnpd[ul[npvgXzi0[^ i{dzw)fgXMifi_\_olhg^Qhj^]p^]¡i{dFf¤k]o0\_zi{hjn|voldvgX[o0zpw3^3^]hg£¯o0hj\°^7wzvnpd[unpdFfg^]hgqrhji{fg^]h\i0dFMi{
hj^vg[fjvY¬X[n|ksX¦i{hj^(Ld[o¬d)fgoXzi¢¡l^²\_olhg^Qwxn|vgk]hg^zi{dMknp^vª
brfvgX[o0[|w«3^MolndFfj^w)o0xfYfgXMif$fgX[^Qwx^\°oldzvi{pu0olhgnfgXz\ w[oF^7v$d[o{f^Äx[pn|knfgpfghsi0kA(°fgXz^²fjhji0dzv£¯o0hj\_i{fgnpo0d  vY0ilko0znpi0d
fjo«\i(0^Qvg[hj^Qn®fsv¤wx^]fg^]hj\_ndMi{dFfnpvMoFvnfgnp¡0^ltMvgzksXfgXzi{fndKfjX[^]olhg)n®f¤n|v3olvjvnp[p^fgo«olxfji0nd¦ivgndzu0[|i{hYfjhji0dzv£¯olhg\i{fgnpo0d¹ª
bed¦ol[h^Äx3^]hjn^dzk^Qold;¨¦w[ifsi[txfjX[n|v¤wxoL^vd[o{foxk]k][h¬X[^d¦zvgnd[u«ivgnpu0\i°o{£Q¡0o¢Äx^]@fjo«wx^+Md[^QfgXz^ 0i{zvjvgnpi0d +zfg^h
£¯olhfgXz^v\_oLo{fjX[npd[u«o03^]hsifjnold¹ªY¿|voMt[fgXz^i{pu0olhgnfgX[\ \ifjksXz^vnpdFfg^]dMvnfgnp^v²i{dzw¦i 	)4	 ndFfj^]dzvgn®fkolhghj^kfgnpo0dKnpv\_ilwx^
o¡l^]hQfjX[^«¬X[ol^«np\i{ul^0ª
^dzk^fjX[^fjhji0dzv£¯olhg\_^7wVnp\i{ul^«npvd[o{f°i{d¥^Ä[ilkmfwx[zn|k]i{fg^#o0£YfgX[^fsi{hju0^]fª¦WYX[n|vn|vwx[^«fgo
fjX[^ vg\_oFo0fgX[dz^vjvkoldzvfjhji0ndFf¤i0[[pn^7wKfgofjX[^wxn|vg[pilk^\°^dFf+z^]|w¦¬X[n|ksX¦^vfji0[pnpvgX[^v¤i«kol\°zhgol\°n|vg^QM^]f¬^^]d¦npdlfj^]dzvgnf
hj^vg^]\ [pi0dzk^i{dMw)zd[n®£¯olhg\ oxk]i0¹wx^£¯olhg\i{fgnpo0dzvi{fY^7i0ksXn®fj^]hsifjnoldi0dzw«fjXLzvnpd)fjX[^+zdzi0Áhg^7vz®f7ª
"$# " 8(+2 4!*8( 6 (687 .103203,/687
WYX[^i¢¡0^hji0u0^K\_oxwx^]koldzvfjhgMkmfgnpo0dId[^]^7w[v)ilv«npd[[xf¦i?hj^£¯^hg^dzk^ n\i{ul^ ºi0dzw i v^]fºo0£ n\i0u0^v 
"9 . .J.  
hj^][hj^vg^]dFfjnd[u fgXz^Qu0hjo0[o{£5v[[~^kmfsv[dzw[^]hkoldzvgnpwx^hji{fgnpo0d¹ª5WYX[^Q\_^fjX[oxwKk]i{d3^wxn¡Ln|wx^wnpd¦vnÄ)vfg^]Mvi0v$£¯o0ppo¬v]­
0ªWYX[^!+Mhjvf²vfg^] hg^uli{hsw[vYfjX[^^¡i{pzifjnold¦o{£Eu0po0Mi{!vgXzi0M^°i{dzwKnpdFfg^]dMvnf¦wxn®Â@^]hj^]dMk^v¤M^]f¬^^]d¦fjX[^hj^£¯^hg^dzk^ i{dzw
^ilksX9np\i{ul^«o{£YfgXz^#v^]fª;B|i0vfgn|khj^]ulnpvfghsifjnold93^f¬$^]^d  i{dzw[ ¤[hjo¡Lnpw[^v¡0^7kmfjo0h +z^pwzv \!uln¡Lnpd[uK£¯o0h ^i0ksX
¡0o¢Äx^]O"o{£  HfjX[^¦i{dzi0olu0olzv i0dzifjo0\_n|k]i{$poLkifjnold#nd]$Qi0v_¬$^]pi0v_i0d npdFfg^]dMvnf¥fghsi{dMv£¯olhg\ifjnold &%"ª
¿di-d[^°fghsi{dMv£¯olhg\ifjnold('Y¬X[npksX93^vfQi0[[hjo¢Äxn\ifj^vt@nd¥i)^7i0vfQv Fzi{hj^vvg^]dzvg^0t@fjX[^«kolhghj^vg3o0dzwxnpd[u!\)$n|v
kol\°zxfg^7wÁªE±LndMk^¤¬$^¤XMi¢¡0^¤k]o0hjhg^7v3o0dzw[^]dzk]^vB3^f¬$^]^d)i{dMifgol\_npki{z3o0npdFfjvo{£ÁfjX[^$5i0dzw   fjXzifYXzi¢¡0^fgX[^²£¯o0hj\*  \! 7"8gt5¬$^«kol\°zxfg^_fjX[^'+¤L \_ndzn\_np´]npd[u¦fgXz^#wxn|vfsi{dzk]^-, 1 565  .'0/ "  \)/</ 565 % §Ì±L^]^£¯olh^Ä[i0\°z^
 `0¸"¾£¯olh¤i«k]oFv^7w#£¯olhg\«©tM¬X[^hg^fjX[^vg[\_\ifgnpo0d¦n|v3^]hg£¯o0hj\_^wo0dKfjX[^¡lo¢ÄL^¹3olvgn®fjnoldzvnpdU  ko0hjhj^vgMoldzwxnpd[u°fgo
k^hg^[hji03fgn|vgvg[^v21¢ª
xªYbedfgX[^vg^k]o0dzwKvfg^]¾t[hg^7vn|wxzi0Á¡i{hjnpi{fgnpo0dzvwxz^fgo[[hj^Q\_o0hj[X[ololu0n|k]i{@wxnÂ3^hg^dzk^7vi{hj^^]¡i{pzi{fg^w¹ªTB|i0vfgn|khg^u0n|vq
fghsifjnold«npv$3^]hg£¯o0hj\_^w3^f¬$^]^d  i0dzw^7i0ksX $5Mvnpd[ufjX[^ko0hjhj^vgMoldzwxnpd[u'+5i0dzw &%3!ilvTnpd[nfgn|i{3fghsi{dzv£¯o0hj\ifjnold
^vfgnp\ifg^7v]ªBWYX[n|v[hjo¡Lnpw[^¤fjX[^Qhg^7vz®fjnd[u_\ifsksX[^w)np\_i0u0^7v F_ ilvY¬^¹ilv$fgX[^Qhj^vgn|wxzi{Á¡l^kfgo0h7+z^pwzv4  ª
`[ªWYX[^fgX[nphswvfg^¦i¢¡0^]hsi{ul^vEfgX[^ a_ tx[hgoxwxMknpd[ui \_^7i{dKndFfj^]dzvgn®f#n\i{ul^ ¬n®fjXKfgX[^QvgXzi{3^Qo{£  ª
¸zªWYX[^«£¯ol[hgfgX vfg^ i0n\vfgo zhgoxwxzk]^«fjX[^w[^£¯o0hj\ifjnold?[hj^vg^]dFfgnpd[u¦fjX[^vgXzi0M^)¡¢i0hgn|ifjnoldzv3^f¬$^]^d   i0dzw¥fjX[^
i¢¡0^hji0u0^_vXzi0M^o0£fjX[^#vg^f^^\_^]dFfjvi{£½fg^h kolhghj^kfgnpo0dVo{£i-d[^«wxnÂ@^]hj^]dzk]^vªK±Lnpdzk]^fgX[^#hg^7vn|wxzi0Ewx^£¯olhg\ifjnoldzv
4i{hj^i{p!w[^+zd[^7w¦npd¦fgX[^°vgi0\_^i{dzi{fgol\°n|k]i0¾vgzi0k]^0t[fjXzifo{£  t@k]i0pk][|ifgnpd[u_fjX[^]nph²¡l^kfgo0hj¬n|v^i¢¡l^]hsi{u0^ 4<O 
 56,  47/7+T¬nppÁ[hgo¡Ln|wx^fgX[^w[^vgnhj^wwx^£¯olhg\i{fgnpo0d¹ª
»xªWYX[^ +z£½fgX i0dzw,+zdMi{Yvfj^]k]o0dzvgnpvfjvo{£¤i0[[pFnpd[u fgX[n|v i¢¡l^]hsi{ul^°hj^vgn|wxzi{Ywx^]£¯o0hj\_i{fgnpo0dfjo;fgXz^)i¢¡0^hji0u0^_npdlfj^]dzvgnf
n\i0u0^²fgo°o0xfsi{npd)i{dKi¢¡0^hji0u0^npdFfg^]dMvnf#i{dMw#vgXzi{3^n\i{ul^¤hj^][hj^vg^]dFfjnd[ufgX[^Qi0dzifjo0\_npki{Ái¢¡0^hji0u0^\_oxwx^] U §.vg^]^
i{[3^]dMwxn®ÄK¿£¯o0hwx^]fji{np|vi{3o0xfYfjX[^Qhg^7vgi0\_[npd[u_[hjoxk^vjv$zvg^w)ndfgXznpvvfg^M©mª
oldzvn|wx^hgnpd[udL[\_^]hjn|k]i{M^]hjhgolhjvTwx[^fjX[^²£.i0kmffgXzi{fYi0xfgol\ifgn|khj^]ulnpvfghsifjnold\°^]fgX[oxw[vzvgzi{pp°3^]hg£¯o0hj\ºM^]ffg^hY¬X[^]d
np\i{u0^7vi0hg^«k]oFv^hQfgoV^i0ksXo0fgX[^htBi{pEfjX[^vg^)vfg^zv\i¢9M^)hg^M^7ifj^wLVhj^]zpilknpd[uU  ¬nfgX U tfgXLzv koldzvfjhgMkmfgnpd[u
8:9 à¢ÔÞRÔß{ÜmÞÌÑ æRÑ¼ÜmÖ¢ÞÐsØRÔTÜmö7æÌÐsÑ¼Ö¢Ô×Û7ÞÌÑ¼Ö¢ÚÐsÖQÐsÛæÌÜmÏÐjæRÑ¼ñEÏÔæRà¢Ü]×âpÜmØ¾ö¢ØRÐsÑ¼ÖÞÌÔÚmÏÔÖærÐjæRÑ¼ÜmÖQÞÌÑ¼ÏÑ¼ÒáÐsØÁæRÜYæÌàÐjæÜsâ";@Ø.Û¢ÏÏÔØ=<?>@BADC ù2EGF½Ù3HØ.ÜmÏ
à¢ÔØRÔÜmÖFé0ÐsÒ¼ÒlÞÌÛ¢ÏÏÐjæRÑ¼ÜmÖ¢ÞÁÜåÔØIÐsØ.ÔTÐsÞÌÞRÛ¢ÏÔ×¤æRÜYö{ÔBÜmÖ²æRà¢ÔBåÜgÕÔÒLß{ÜmÞÌÑ æRÑ¼ÜmÖ¢Þ!ÜmöærÐsÑ¼Ö¢Ô×Û7ÞÌÑ¼Ö¢ÚTæÌà¢Ñ¼Þ!ÐsÒ¼ÚmÜmØ.Ñ æÌà¢ÏÙ
VWV ÖXzùûsù7í
µ   OG 9   OGS@ <B@
! Ê Ë Æ " )ÆFYrÆ  Æ ¾ Æ T  Æ  Æ 
   #E  "
     H "
    #E  %
    H #%
W!i0[^l­B^£¯^hg^dzk^7vi{dzw)n\i0u0^Qv^]fjvMv^7w«fjo°z[n|wfgXz^wxn®Â@^]hj^]dFf\_oxwx^]|v]ª
i\_oxwx^]¤¬n®fjX ihj^£¯^hg^dzk^np\_i0u0^;k]oFv^h fjofgX[^;k]^]dFfghjo0n|w o{£o0[h«vg^f7ª bedFfg[nfgnp¡0^ltTfjX[npv#vX[ol[|w hj^w[zk^fgXz^¦\°^7i{d
hj^]ulnpvfghsifjnold#^]hjhjo0hi{dzw)[hjo¡Lnpwx^i°d[^]¬ \_oxwx^] U _Ák]oFv^hYfgo°fgXz^fgX[^o0hj^fgn|k]i0¹vol[fgnpo0d¹ª
bedfgXz^d[^ÄLf¤vg^kfgnpo0dK¬^¬np¾£¯[hgfgX[^h¤vfjzwx#fgX[n|vkoldL¡0^]hju0^dzk^¬nfgX¦hj^vgM^7kmfYfgo_fjX[^ksX[olnpk]^o0£!fjX[^hj^£¯^hg^dzk^np\_i0u0^  i{dMw«fjX[^QdL[\3^]ho0£!nfg^hji{fgnpo0dzvYd[^^wx^7w«fjo«i0ksX[np^]¡l^k]o0dL¡0^hgul^]dzk]^0ª
  ()m'!
ôpÐ÷ = ñÜmØRÜmÖ¢ÐsÒxÞÌÒ¼Ñ¼ñÔ5Üsâ	
 E Ù ôö{÷ = ñÜmØ.ÜmÖÐsÒxÞRÒ¼Ñ¼ñÔÜsâ
 H Ù
*nul[hj^`z­Ekolhgoldzi{@vpn|k^v$£¯hjo0\ fgX[^f¬$o_hg^]£¯^]hj^]dzk]^np\i{ul^vO #E i{dMw  >H hj^vg3^kmfjn¡l^]p0ª
WYX[^ \_^fgXzoLw npv¤fg^7vfj^w FKkol\_[xfgnpd[u)£¯o0[h²\_oLw[^]|v¤zvgnpd[u«f¬$o#hj^£¯^hg^dzk^np\i{ul^v  #E i0dzwU >H §.vg^]^ *npu0[hj^v`z§Ril©
i0dzwK`z§¯3©©Yi{dMw«f¬$o_n\i{ul^Qv^]fjv+"i0dzw#%{t[^7i0ksXKko0\_3olvg^w)o{£W+z¡0^Qnp\i{u0^7v§.vg^]^Wi{[p^_7©mª
WYX[^` ¨¦ zhgo0fgoxkolT[hjo¡Lnpwx^7vkolhgoldzi{n\i0u0^vo0xfsi{npd[^w?zvnpd[u9i¥0ª¼»;W!^vgpiV±Lb 0  ¿ §C0^d[^]hsi{YBp^kmfjhgn|k{tT¨¦nq
¬Yi{D(l^]^ltª ±@ª ¿ª¼©¬X[o0p^«3oLw[¥¨;·n\i0u0npd[u vgLvfg^\Kª.E²d[^#XL[dzw[hg^7w¥i{dzw9f¬$^]dFfV£¯o0[h§7{¸F©Qk]o0hjo0dzi0TWqr¬$^]npu0XFfg^7w
np\i{u0^7v¬^hg^ o0xfsi{npd[^wVzvgnd[uKiv3o0np^7w;ulhjilwxn^dFf^7ksX[oV§Ì±x}10¤©[zpvg^v^ lz^]dzk]^§RW)vg^k]o0dzwzv]t¹W`0¸)vg^k]o0dzw[vt
Àznpi{d[ul^m©mª5W¾¬$o  Iilk F[n|vnfgnpo0dMv¾fjoLo)( F\_npdF[fg^vTi{dzw_»0vg^koldzw[vª!WYX[^*np^]|wo0£²n^¬ §C* E©!o{£MfgX[^np\i{ul^v
¬Yi0v{Ã«k]\ i{dzw¦^7i0ksX;np\i{ul^hg^]£¯^]hsvfjo)i)ko0dFfjnul[o0zv¤v^7kmfgnpo0d o{£Efjnpvjvz^o{£lª ¶«\°\ fjX[n|kA(Fdz^vjv]ªWYX[^f¬$o#ilk F[n|vnfgnpo0dzvt
ilvTol[MoFv^7wfjoo0dz^0tLuli¢¡l^ndMkhj^i0vg^w#ko0dFfjhjilvfT3^f¬$^]^d#ulhji¢_i{dzw#¬X[nfg^\_i{ffj^]h7tLi0dzw_fjX[^]hj^£¯olhg^²\°olhg^²hg^7i0wxwx^
+zd[nfgnpo0d
o0£vfjhgMkmfgzhg^°Mol[dzw[i0hgnp^vªWYX[^°n\i0u0^vvgX[o¬^7w¦d[o^]¡Ln|wx^]dzk]^ o0£T\_o¡0^\°^dFf²o0hksX[^\°n|k]i0BvX[n£½fi{hgfgn£.i0kfjvt@i0dzw;Mi{hgfgn|i{
¡lo0p[\_nd[u)^Â@^kfjv¬$^]hj^\_ndzn\i{ÌªWYX[^_i0k lznpvgn®fjnold¦fgnp\_^ ¬Yi0v²¬$^]p!fjo0p^]hsifj^w¦L;i{pBvzx~^kfjvªWYXz^      
¡lo¢ÄL^pvYo0£Evnp´]^ ,W.! " U,.# "  . ! " ¬$^]hj^fghjnpnpd[^i0hgp#npdFfg^]hj3o0|ifg^7w)fgo 9,',! 9,,) %$ fgo«uln¡l^k][[n|kQ¡0o¢Äx^pv
o0£$\°\ vn|wx^0ª
 ^¦i{dzi0L´]^o0zh hj^vg[fjv_¬nfgXhg^uli{hsw[vfgo9f¬oV£.i0kfgolhjvª *nhsvftEfjX[^Kn®fj^]hsifjnold[hjoxk^vjv°npv°npdL¡0^vfgnpuli{fg^7w¥fgovg^]^Kn®£
k]o0dL¡0^hgul^]dzk]^npvilksX[np^]¡0^7wÁtLi{dzw#n®£5vo°X[o¬³£.ilvfYnpv$fjX[^QkoldF¡l^]hju0^dzk^hsifj^0ªB±L^k]o0dzw¹tx¬^vfjzwxfjX[^^Â@^kmfo0£ksXzi0d[u0npd[ufjX[^
9;:WV<9>=
 
	 
hj^£¯^hg^dzk^np\_i0u0^lªbr£!fgX[^Q\_oxwx^Ánpvi°¡0^hgnfji0[p^i¢¡l^]hsi{u0^²o{£!fgX[^np\_i0u0^Qvg^ft[ksXMi{d[ulnd[u fgXz^Qhg^]£¯^]hj^]dzk]^vgX[o0zpw)[hjoLw[zk^i{d
n|wx^]dFfjnpki{¹\_oxwx^]Áz)fjo«i{dKi-d[^fghsi{dMv£¯olhg\ifjnold)wx^
+zd[^7w)LfjX[^i-d[^w[n®Â@^]hj^]dzk]^M^]f¬^^]dhg^]£¯^]hj^]dzk]^vª
bedVo0[h^]¡i{pzi{fgnpo0d;[hjoxk^7wx[hj^0t3fgX[hj^]^ \_^fghjn|k]vi{hj^zvg^wÁªWYXz^ +zhsvfwx^]fg^]hj\_ndz^v²fgX[^_i¢¡0^hji0u0^wxn|vfji{dMk^)§R¿©²£¯hgol\
i0dnp\i{ul^ fjo_fgX[^^^\°^dFfjvo0£ivg^f$t
  B :  
 1 
 	" 565   4  < 565 % 
¬X[^hg^)4n|vfjX[^ hj^vgn|wxzi{wx^£¯olhg\i{fgnpo0dK£¯hjo0\ #fjo«fjX[^
ÌfjX;^]p^]\_^]dFfo{£ $t
?n|vfjX[^dL[\ M^h²o0£E¡0o¢Äx^]|v¤ksXMi{hsi0kmfj^]hjn´ndzu
k]^]hj^][hsi{3fgn|vjv[^7vi{dMw- hg^[hj^vg^]dFfjvfgXz^QdFz\3^]ho0£!^]p^]\_^dlfsvnpd$ª
WYX[^²v^7ko0dMw n|v5fjX[^¤hjoLo{fE\_^i0d_v Fzi{hj^d[olhg\ §.¤¨;±  ©B¬XznpksXvg[[[pn^7vEnpdx£¯o0hj\ifjnold°hj^]uFi{hswxnpd[ufgX[^¤vgXzi0M^¡i{hjn|ifgnpo0d
^]ÄLzhg^7vgvg^w)L#i_wx^£¯olhg\ifjnold +M^]|w!\;t
	 \ :  
 1 5M5  [\ < 565 % 
¬X[^hg^ 
9npv$fjX[^QdL[\3^]h¤o{£!¡lo¢Äx^]|v$ksXMi{hsi0kmfj^]hjn´ndzu k^hg^[hsi{3fgn|vgvg[^7vYndfgXz^Qhg^]£¯^]hj^]dzk]^²£¯hjo0\ ¬X[npksX \ ¬$ilvYo0xfsi{npd[^w¹ª
WYX[^_fjX[nphjw[hjo¡Lnpw[^viK\_^i0vg[hj^_o{£[hjnulXlfjd[^vjvQwxn|vMi{hjn®f;3^f¬$^]^d9f¬o¦np\i{u0^7v $i0dzw^lª#brfn|vQfjX[^d[olhg\i{pnp´]^w
npdFfg^]dMvnf)wxnÂ@^]hj^]dzk]^_§  b ©Yo{£fgXz^np\i{ul^vYnpdlfj^]dzvgnfgnp^vi{fk]o0hjhg^7v3o0dMwxndzu poxk]ifjnoldzvt
  $ (   , 1   7+<^  7+/ %, 1 7  +& % .
¿¤d)^7i0vg°¬Yi¢_fgo°npdlfj^]hj[hj^f$fgX[n|v£¯o0hj\[|in|v$fgo°d[o{fjnpk]^¤fjXzifn£   P  t  7  (    -,Ln£   $  t      : xn®£   "%   t  7  (    -,.[i0dzwvo_o0d¾ª
$#&%  "! (0 6$#&%03(+2 4 05,&7*
W!oV^¡i{pzifj^«fgXz^^]Â3^7kmf_o{£¤nfg^hji{fgnpd[uztT¬^ko0dMvfjhgzkf fjX[^)£¯o0[h_\_oxwx^]|v°hg^M^7ifgnpd[u fgX[^[hjoLk]^vjv!+M¡0^)fgnp\°^7v_i{dzwzvnpd[u
fjX[^«hj^vg[®fo0£fjX[^«[hj^]¡Lnpo0zvnfg^hji{fgnpo0d¥i0vQfgX[^hj^£¯^hg^dzk^np\i{u0^lª  ^«¬npw[^vgnuldzifj^ fjX[^«\_oxwx^] U ('xto0xfsi{npd[^w9¬nfgX
hj^£¯^hg^dzk^Qnp\i{u0^ i0dzwKv^]f )'FtMk]o0\_[xfj^wKif¤fgX[^*
ÌfgX¦nfg^hji{fgnpo0dL U @ QD(' ª7*zo0hk]o0dL¡0^d[n^dzk^lt U @	+ D(' ¬npp¹M^npwx^dFfgn4+z^w
fjofgXz^²i¢¡0^hji0u0^$ndFfj^]dzvgn®f_np\i{u0^XMi¢¡Fnpd[uQfjX[^²vgXzi0M^o0£  ªBWYX[n|vEhj^][hj^vg^]dFfjvTivgo0hgfEo{£¹nfg^]hsifjnold«i£½fj^]hi0[[pLnd[uo0d[pfjX[^
fjX[hg^^+zhsvfvfg^]Mvwx^vjkhjn3^wnpd¦v^7kmfgnpo0d¦xª¼xª
*zo0[h\_^ilvzhg^7v¬$^]hj^Qkol\°zxfg^7wÁ­
 , U @ 6D('-  '. WYXz^i¢¡l^]hsi{ul^²wxn|vfsi{dzk]^£¯hgol\·fgX[^Qhj^£¯^hg^dzk^o0£¾fgXz^k[hjhg^dFfYnfg^hji{fgnpo0d)fgoi{pÁfjX[^Q^]p^]\_^]dFfsvYo{£fgX[^Qvg^fª
! 0/ , 4 @ 6D(' . WYX[^vgXzi{3^ ¡i0hgn|ifjnold;^Äx[hj^vjv^7w¦LKfgX[^_hj^vgnpw[zi{5wx^£¯olhg\i{fgnpo0d5+z^pw 4 @ QD(' ¬X[^d U @ QD(' n|vzv^7w ilv¤fjX[^
hg^]£¯^]hj^]dzk]^0ª
! 0/ ,(\ @ QD(' . WYX[^²vgXzi{3^²w[n®Â@^]hj^]dzk]^¤3^f¬$^]^d«\_oLw[^]|vk]o0\_[xfj^w#i{f$vgzk]k]^vjvnp¡0^nfg^hji{fgnpo0dzvª:\ @ QD(' npvTfgXz^wx^]£¯o0hj\ifgnpo0d
o0xfsi{npd[^w)L«hj^]u0n|vfg^]hjnpd[u U @ 6D(' ¬n®fjX U @ 21"(D(' ª/ T 3, U @ 6D('- U @ 	1"D(' . WYXz^zhgnpu0XFfgdz^vjvwxnpvgzi0hgnfM^]f¬^^]dK\_oxwx^]|vYo0xfsi{npd[^wKi{fvgzkk^vjvgn¡l^²nfg^hji{fgnpo0dzvª
br£!fgX[^\_oLw[^]|v$k]o0\_[xfj^w#fg^dzwfjo¬$i0hjw[vTfgXz^k]^]dFfghjo0n|w«o0£¹fgX[^np\i{u0^v^]ftLfjX[^F+Mhjvf$\_^7i0vg[hg^vXzo0[|w#wxnp\_ndznpvgX¹ªEWYX[n|v
[hjoxk^7vgvn|v¤w[^][n|kmfj^w¦npd*nul[hg^¸M§.iF©m­$i0vfjX[^\_oxwx^]^]¡lo0p¡0^7v$fgo¬Yi{hsw[v$fgX[^°k^dlfj^]h§Rwxo{fgfg^7w¦npd[^¢©mtMfgX[^i¢¡l^]hsi{ul^w[npvfji0dzk^
fjo)fjX[^°n\i{ul^°vg^f^]p^]\_^dlfsvwx^k]hg^7i0vg^vªWYXz^_vg^k]o0dzw i{dzw;fgX[nphjwV\_^ilv[hj^vt@hg^[hj^vg^]dFfgnpd[ufjX[^vXzi0M^°^]¡lo0pxfgnpo0dVo{£EfjX[^
\_oxwx^]$§.vg^]^!*npu0[hj^Q¸M§.M©©tMvgX[o0[|wfg^dzwfgo¬Yi{hsw[v$´]^hgoMª *npdzi{pltxfgXz^Q£¯o0[hgfgX¦¡i0[^vgX[ol[pwKi0pvgo«wx^k]hg^7i0vg^fgo´]^hgovgndMk^
nfhg^[hj^vg^]dFfjvfgXz^Q[hgnpu0XFfjd[^vjvwxnÂ3^hg^dzk^7vYM^]f¬^^]dKvzkk^7vgvgn¡l^²\_oxwx^pvª
WYX[^hj^vg[fjvBo0£MfjX[^vg^k]i0pk][|ifgnpo0dMv5o0d°fgX[^£¯o0[hB\_oxwx^]|vEi0hg^[hj^vg^]dFfj^w nd *npu0[hj^»xª  o{fj^YfgXzi{fEfgXz^n®fj^]hsifgnpo0dMvBhji0d[u0^
[fjo;i{dzw9d[o0f Kvnpdzk]^¬^«k]o0\_zi{hj^_\_oLw[^]|vkol\°zxfg^7w¥ifnfg^]hsifjnoldzv4
²i0dzw
 N lª  ^hg^\_ndzwVfjX[^«hj^i0w[^]hfgXMif
\_oLw[^]|ve  U @	+ D(' t¾fgXzi{fn|v\_oxwx^]|vM^]£¯o0hj^°fgX[^K+zhsvfQnfg^hji{fgnpo0d¹t¹ksXzi0hjilkmfj^]hjn´^o0dz i¢¡l^]hsi{ul^ndFfj^]dzvgn®fjn^7vQi{dzwVd[o0fQi¢¡l^]hsi{ul^
vgXzi{3^vª
*zhgol\ *npu0[hj^»[§.iF©mtÁ¬$^ (Ld[o¬HfjX[^i¢¡0^]hsi{ul^wxn|vfsi{dzk]^£¯hjo0\ fgXz^°hj^£¯^hg^dzk^7vfjo#fjX[^°n\i{ul^ vg^f^]p^]\_^]dFfsv²n|vM^]f¬^^]d
¸Mª ¶F\_\ i0dzw;»xª¼»x\_\ i0dzwKhg^7wxzk]^vfjo#ihsi{d[ul^Qo{£[ª µlµ{\_\ fjo)`[ª `0¶0\_\ª  o{fgn|k^fgXzi{ffgXz^ i¢¡0^hji0u0^Qwxn|vfsi{dzk]^v£¯o0hfjX[^
\_oxwx^]|v_[[np|wzvgnpd[u fjX[^¦vgi0\_^)np\i{u0^Kvg^fi{hj^)¡l^]hjk]oFv^§.Ãzª Ãl{\_\ £¯o0h_3o{fgX\_oxwx^]|vj© ¬X[npp^)fjX[^¦wxn|vfsi{dzk]^#£¯olh fjX[^
VWV ÖXzùûsù7í
7Ã   OG 9   OGS@ <B@
ôpÐ÷ 9 à¢Ô²ÐåÔØRÐsÚmÔ×¢Ñ¼ÞRæÌÐsÖ¢ñÔÜsâ!æÌà7Ô²ÏÜ]×¢ÔÒ@æÌÜæRà¢Ô
Ñ¼ÏÐsÚmÔ!ÞÌÔeæ!ÔÒ¼ÔÏÔÖæÌÞ¹×¢ÔñØRÔÐsÞRÔÞÙ
ôpö÷ 9 à¢Ô!×7Ñ¼ÞRæÌÐsÖ¢ñÔö{Ôeæ ÁÔÔÖ¤ÞÌÛ7ññÔÞÌÞRÑ åÔÏÜ]×¢ÔÒ¼ÞM×7Ñ ò
ÏÑ¼Ö¢Ñ¼ÞÌà7ÔÞÙ
*nul[hj^¸M­BB¡0olxfjnoldKo{£¾fjX[^Q\_oxwx^]T§Rknphjk]^7vj©Tfjo¬$i0hjw«fgX[^k]^]dFfg^ho{£¾fjX[^Qnp\_i0u0^Qvg^f§.v Fzi{hj^vs©mª
\_oxwx^]|v [[np®f°zvnpd[u;wxnÂ@^]hj^]dFf np\i{u0^«vg^fsvn|v\ zksX¥X[npu0X[^h#§¯npd¥fjX[^#hsi{d[ul^o{£Ã[ª `0Ãfjo Ã[ª ¸lµ0\_\t5wx^M^dzwxnpd[u o0£Y¬XznpksX
\_oxwx^]|vEi0hg^Ykol\°Mi{hj^wz©ª!WYX[n|v5npvE^i0vgnpQ^]ÄLzpi0ndzi0[p^$LQfjX[^Y£.i0kfEwxn®Â@^]hj^]dFfTvg\i{pxn\i{ul^$vg^fsv5¬npxfj^]dzw fgoXzi¢¡l^$w[n®Â@^]hj^]dFf
i¢¡l^]hsi{u0^w[npvfji0dzk^£¯hgol\ fjX[^]nphQk^dlfjhgolnpw¹ª o0\_zi0hg^7wKfgo#fgX[^7v^°¡i{p[^vtMfgX[^°¡i{hjnpi{fgnpo0d;3^f¬$^]^d vMk]k^7vgvgnp¡0^\_oxwx^]|v°§.vg^]^
*npu0[hj^»z§¯M©i{dMw)»[§Rk©g©mtx¬X[n|ksX#n|v$nd#fgX[^hji0d[u0^²o{£!Ãzª ¸M]\_\ºfgo_Ã[ª¼»0{\°\Ktxvg^]^]\v\_nd[olhª *npu0[hj^»z§.wz©[hj^vg^]dFfjvdL[\3^]hsv
vgX[o¬npd[u¤fjX[^[hjnulXFfgd[^7vgv5wxnÂ3^hg^dzk^$3^f¬$^]^]d_vgzk]k]^vjvnp¡0^$\_oLw[^]|vBwxn\_npd[n|vX[^7v5hji0[n|wxfjoQi{p\°oFvfEÃzt{ndMkhj^i0vgnpd[u¤ol[h5M^np^£
fjXzif\_oxwx^]|vwxo_d[o0f^]¡0ol¡l^vgnpu0d[n4+Mk]i0dFfgp#i£½fj^]hYfgXz^+zhjvfn®fj^]hsifjnold¹ª
$# "  "! (0 6$# 0( ')(0# (+25(<7 (
br£fgX[^\_oxwx^]|vkol\_[xfg^7w)i0hg^^ Fzi0Á[)fgoi{dKi-d[^fghsi{dMv£¯olhg\ifjnold¹tLksXzi{d[ulndzufjX[^hg^]£¯^]hj^]dzk]^np\i{ul^vgX[o0zpw)[hjoLw[zk^
i\_oxwx^]Bn|wx^]dFfjnpki{5fgofjX[^[hj^]¡Lnolzvo0d[^_i£½fj^]hQhj^]\_o¡Lndzu#fjX[^]nphi-d[^wxnÂ3^hg^dzk^7v]ª_W!o¡l^]hjn®£¯KfjX[n|vQksXzi{hsi0kfg^]hjn|vfjnpk0tÁ¬^
3^]hg£¯o0hj\_^w;i0d /  hj^]u0n|vfghsifgnpo0d3^f¬$^]^]d \°oxwx^pv²[[npf²zvgndzu«fgXz^ vji{\_^np\_i0u0^vg^f7ª U @ QD%A" n|vhj^]u0n|vfg^]hj^wK¬nfgX U @ 6D""
fjo[hgo¡Ln|wx^²fgX[^Qnp\i{u0^ U _ @ QD% " i0dzw U @ 6D%% ¬n®fjX U @ 6D" % fgo_hj^vg[fnd U _ @ 6D%3% ª
W!¬o_\_^ilvzhg^¬^hg^zvg^w¹­
! 0/ ,(\ @ QD' . WYX[^¤vgXzi{3^¡i{hjnpi{fgnpo0d_£¯hjo0\ U @ QD" ' fgo U _ @ QD%(' ª \ @ QD' npvEfgX[^wx^£¯olhg\ifjnoldo0xfsi{npd[^w_L°hg^u0n|vfj^]hjndzufgX[^¤f¬o
n\i0u0^vª/ T 3, U @ 6D" ' - U _ @ 6D%(' . WYX[^Qzhgnpu0XFfgdz^vjv$w[npvgzi{hjnf«M^]f¬^^]d)fgX[^f¬$o_\_oLw[^]|v]ª
^7vz®fsvi0hg^¤vgX[o¬dnpd *nul[hj^vT¶M§.iF©Bi{dzw#¶z§¯3©Bhj^vgM^7kmfgnp¡0^lª  ^¤dzo{fgn|k^¤fgXzi{f$vgXzi{3^¤¡i0hgn|ifjnold°3^f¬$^]^dfgXz^¤\_oxwx^]|v
hj^wxMk^vE£¯hgol\·i{3o0xfY`[ª ¸0\_\fjo Ãzª 0\°\Kª5WYX[n|vT|i0vfT¡i{p[^¤n|v$kpolvg^fgofgX[^wxn®Â@^]hj^]dMk^3^f¬$^]^d#vMk]k^7vgvgnp¡0^\_oxwx^]|vE¬XznpksX
¬$^P(Ld[o¬ £¯hgol\ *!npu0zhg^7v_»z§¯M© i{dMw»z§.k©fgo93^Ki0[[hjo¢Äxn\ifj^]p¥Ã[ª ¸0\_\KªWYX[^[hgnpu0XFfjd[^vjv w[npvgzi{hjnf?i{|vo9wxn\_npd[n|vX[^7v
hsi{[n|wxp°i0dzwwxoL^vTd[o{fYksXzi{dzu0^wxhsi0vfgn|k]i0p i{£½fg^]hTfgX[^F+zhsvfTnfg^hji{fgnpo0d¹ª *[hjo0\ fgXz^vg^¤hj^vg[®fsv]tFo0dz^¤k]i0d«v^^fgXzi{fEfgXz^¤\_oxwx^]|v
[zn|w?zvgnpd[u9w[n®Â@^]hj^]dFf hj^£¯^hg^dzk^)n\i0u0^#i0hg^)¡0^]hjkpolvg^#[xf_d[o0f n|wx^]dFfgn|k]i0Rª  ^)3^]pnp^]¡0^#fgX[^KwxnÂ3^hg^dzk^7v i0hg^wx[^#fgo
^hghjo0hsv¤npdo0[hQhj^]ulnpvfghsifjnold;\_^fjX[oxw9i0dzw fgofgX[^hj^vji{\_[pnpd[u)zhgoxk^7wx[hj^°i0[[pn^7w;fjofgX[^\_oxwx^]|vfgoK[[fQfgX[^\ npdVfjX[^
vji{\_^i-_dz^ vgzi0k]^0tz¬XznpksXKfj^]dzw[v¤fgov\_oLo{fjXKfgX[^ n\i0u0^0ªWYXznpv¤pilvfi{hgfgn£.i0kmf²npv¤d[o{f[hg^7v^dFf¤¬X[^]d;k]o0\_zi0hgnpd[u\_oxwx^]|v
olxfji0nd[^7w)£¯hgol\ vMk]k^7vgvgnp¡0^n®fj^]hsifgnpo0dMv$ilvY¬^w[npw)£¯o0hYfjX[^Qhj^vg[®fsvYo{£ *!npu0zhg^»[§Rwz©mªT±LfgnpÌtxfgXz^i¢¡0^]hsi{ul^²wxn|vfji{dMk^M^]f¬^^]d
\_oxwx^]|v npv^7vgvfgXzi0dfgX[^)hg^7volxfjnoldo{£fgXz^«n\i0u0^0tBi0dzwMo0fgX¥fjX[^)i¢¡l^]hsi{ul^°wxn|vfji{dMk^#i0dzw9fgX[^)d[o0hj\i{pn´^w9npdlfj^]dzvgnf
wxnÂ@^]hj^]dzk]^Q^]¡0ol¡l^²old[p#vpnpu0XFfgp#i£½fj^]hYfjX[^+zhsvfnfg^]hsifjnold¹ª
*npu0[hj^v¤fgo¦7Ã°[hg^7v^dFf¤vol\°^hj^vg[fjvYo0[fji{npd[^7ww[[hgnpd[u°fgXznpvzhgoxk^7vgvªBbed5*nul[hg^ fjX[^i¢¡0^hji0u0^¤npdFfg^dzvnf#np\i{ul^v
k]o0hjhg^7v3o0dzw[nd[u_fjo«fjX[^ hj^£¯^hg^dzk^n\i{ul^v¤o{£ *nul[hg^°`«i{hj^[hj^vg^]dFfj^wÁªWYX[^]Kzilvn|k]i0p)XMi¢¡0^fgXz^°vji{\_^vgXzi{3^ ilvfjX[^]nph
hj^vgM^7kmfjn¡l^«hg^]£¯^]hj^]dzk]^«np\_i0u0^i{dzw9fjX[^]nph npdFfg^dzvnfgnp^v°kolhghj^vg3o0dzw[vQfgo;fjX[^)i¢¡l^]hsi{ul^°o0£fgX[^np\_i0u0^#vg^f  " ª  o0fgn|k^#Xzo¬
fjX[^ vgnuldzi{¾fgo)d[o0n|v^hji{fgnpo«npv¤ndMkhj^i0vg^wK¬Xznp^ k]o0dFfghsi0vfnpv²[hj^vg^]hj¡0^7wÁªWYX[^vg^ i¢¡l^]hsi{u0^npdFfg^]dMvnf)np\i{ul^v¤i0hg^ wx^£¯olhg\_^w
zvgnpd[u_fgX[^k]o0hjhg^7v3o0dMwxndzu°i¢¡l^]hsi{u0^¤hg^7vn|wxzi0¹wx^£¯olhg\ifjnoldzv$fgo_[hjo¡Lnpw[^²fjX[^i¢¡0^hji0u0^²\°oxwx^pvo{£ *npu0[hj^Qµ[ªEWYX[^i¢¡l^]hsi{ul^
\_oxwx^] U @ "(D% " npv$fjX[^]dKhj^]ulnpvfg^hg^7w«¬nfgX U @ "D"3" zvgndzu_i0di-d[^fghsi{dzv£¯o0hj\ifjnoldfgo«vg^fnfnd)fgX[^vji{\_^Qi-d[^Qvgzi0k]^0ªBWYX[n|v
hj^vg[f¤npv[hg^7v^dFfg^wnpd*nul[hg^7vz§Ril©Yi0dzwKz§¯3©mªYWYX[^vji{\_^Q[hjoLk]^wxzhg^Xzilv3^]^]d¦3^]hg£¯o0hj\_^w)£¯o0h²i{p +z¡0^Qnfg^hji{fgnpo0dzv£¯o0h
3o{fjX?n\i0u0^«vg^fjv! " i0dzw  % ª;WYXz^«hg^7vz®fjnd[u¦\_oxwx^pv£¯o0hfjX[^H+[£½fjX?nfg^]hsifjnoldzvnpd[u;np\i{ul^«v^]f! " n|vi0pvgo;vgX[o¬dnd
*npu0[hj^vYz§Rk©i{dzw)z§Rwz©mªBbed *!npu0zhg^°ÃztFvgn|k^7vYi{hj^fji)(0^d#¬X[^hg^¤fgX[^hg^npvY\_olhg^²¡¢i0hgn|i{znpn®f_npd#fjX[^ko0hgfg^]Ä«i{hj^ii0dzwfjXLzv
¬X[^hg^²o0[h$hj^]u0n|vfghsifgnpo0d_\_^fjX[oxwH+zdMw[vk]o0hjhg^7v3o0dMwx^]dzk]^vBnpd#¬XznpksX«¬$^¤XMi¢¡0^p^vjvk]o0dG+3wx^]dzk]^0ªB¿¤v$k]i0d«3^vg^]^d¹tLndfjX[^vg^
hj^]ulnoldzvfgX[^Q\_oxwx^]¾n\i{ul^npvYp^vjvkp^i0hi{dzw#fgX[^k]o0dFfghsi0vfYM^]f¬^^]dKu0hsi¢i{dzw¬X[nfg^Q\ifgfg^hnpvp^vjvY[hjo0d[ol[dzk]^wÁª
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*npu0[hj^ »x­Ybe\_zilkmf¤o0£BfgX[^ n®fj^]hsifgnpo0dK[hjoxk^7vgv¤¬X[^]d;k]o0\_[xfjnd[u#fgX[^ \_oLw[^]|v]ª  o{fg^fgXzi{f¤fjX[^nfg^hji{fgnpo0dzvhsi{dzu0^Q[¦fjo
i0dzw dzo{f #vgndMk^°¬^_kol\°Mi{hj^\_oxwx^]|vQkol\°zxfg^7w ifQnfg^hji{fgnpo0dzv
i{dzw 
 N 0ª  ^_hg^\_ndzw fgXz^ hj^ilwx^]h²fgXzi{f¤\_oxwx^]|v 
U @	+ D(' txfjXzifn|vY\_oLw[^]|vM^]£¯o0hj^fgX[^+zhsvfYnfg^hji{fgnpo0d¹t[ksXMi{hsi0kmfj^]hjn´^¤old[)i¢¡0^]hsi{ul^¤npdFfg^]dMvnfgnp^vi0dzw)d[o{f¤i¢¡l^]hsi{u0^²vXzi0M^7v]ª
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*npu0[hj^Q¶[­5bedxÀzz^]dzk]^Qo{£¾fjX[^Qhj^£¯^]hj^]dMk^o0d)fgX[^Q\_oxwx^¾kol\°zxfg^7wÁª
ô|Ð÷ = åÔØRÐsÚmÔQÑ¼Ö]æRÔÖ¢ÞÌÑ æ«Ñ¼ÏÐsÚmÔ  ö7Û¢Ñ¼Ò¼×Û¢ÞÌÑ¼Ö7Ú 
 E ÐsÖ¢× ×¢Û¢Ø.Ñ¼Ö¢ÚØ.ÞRæ!Ñ æRÔØRÐjæRÑ¼ÜmÖFÙ ôpö÷ = åÔØRÐsÚmÔÑ¼ÖæÌÔÖ¢ÞRÑ æÑ¼ÏÐsÚmÔ ö¢Û7Ñ¼Ò¼×#Û7ÞÌÑ¼Ö¢Ú 
 H ÐsÖ¢× ×¢Û¢Ø.Ñ¼Ö¢ÚØ.ÞRæ¾Ñ æRÔØRÐjæRÑ¼ÜmÖFÙ
*npu0[hj^#L­¿¾¡l^]hsi{u0^ ndFfj^]dzvgn®f¦np\i{ul^v[[nppw9zvgnpd[u)hj^£¯^hg^dzk^°np\_i0u0^7v   E §C*nul[hg^`M§.il©g©i{dzw  H §@*nul[hj^_`M§¯M©g©i{dzw
fjX[^vji{\_^np\i{ul^¤v^]f"ªBWYX[^]_¬$^]hj^o0xfsi{npd[^w#wx[hjnd[ufgX[^+zhsvfTnfg^hji{fgnpo0do0£ÁfgX[^\_oLw[^]@ko0dMvfjhgzkfgnpo0d\_^fjX[oxwÁª  o0fgn|k^
X[o¬IfgX[^vgnpu0dzi0@fgo_d[o0n|vg^hsifjno_n|vYndMkhj^i0vg^w)¬X[np^Qk]o0dFfghsi0vf$n|v[hj^vg^]hj¡0^7wÁª
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ôpÐ÷ = ñÜmØ.ÜmÖÐsÒxÞÌÒ¼Ñ¼ñÔ5Üsâ      Ù ôpö÷ = ñÜmØRÜmÖ¢ÐsÒxÞÌÒ¼Ñ¼ñÔ5Üsâ       Ù
ôpñg÷ = Ø.ÔÚmÛ7ÒáÐsØ5ÚmØRÑ¼××¢ÔeâpÜmØ.ÏÔ×Qö ¤æÌà7Ô$ÐåÔØRÐsÚmÔYØ.ÔÞÌÑ¼×¢ÛÐsÒx×7Ôò
âpÜmØ.ÏÐjæRÑ¼ÜmÖ    Ù
ôp×÷ = ØRÔÚmÛ¢ÒáÐsØ!ÚmØRÑ¼××¢ÔeâpÜmØ.ÏÔ×ö ²æRà¢ÔTÐåÔØRÐsÚmÔ$Ø.ÔÞRÑ¼×¢ÛÐsÒL×7Ôò
âpÜmØ.ÏÐjæRÑ¼ÜmÖ     Ù
*npu0[hj^µz­#¿!¡0^]hsi{ul^«\_oxwx^]|v U @ "(D"" §@*nul[hj^)µz§Ril©g©i0dzw U @ "D%A" §C*!npu0zhg^Kµz§.M©© kol\°zxfg^7w?zvgndzuVhj^£¯^hg^dzk^)n\i{ul^v` #E
§C*!npu0zhg^`z§Ril©g©i{dzw   H §@*npu0[hj^`z§.M©©i0dzwVfgX[^vji{\_^_n\i{ul^v^]f)"¢ª«WYX[^;¬$^]hj^°z[n|wV£¯hgol\ fgXz^«i¢¡0^]hsi{ul^npdlfj^]dzvgnf
np\i{u0^7vBo{£ *npu0[hj^²x§Ril©Bi0dzwH*nul[hj^²x§¯3©Bhj^vgM^7kmfgnp¡0^lª *npu0[hj^vTµz§.k7©Bi{dMwµz§.wM©Ei{hj^YfgXz^¤kolhghj^vgMoldzwxnpd[uQwx^£¯olhg\_^7w_u0hjnpw[vª
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ôpÐ÷ = ñÜmØ.ÜmÖÐsÒxÞÌÒ¼Ñ¼ñÔ5Üsâ      Ù ôö{÷ = ñÜmØ.ÜmÖÐsÒxÞÌÒ¼Ñ¼ñÔ5Üsâ       Ù
ôñj÷ = ñÜmØRÜmÖÐsÒxÞRÒ¼Ñ¼ñÔ5Üsâ    Ù ô×{÷ = ñÜmØ.ÜmÖÐsÒxÞÌÒ¼Ñ¼ñÔ5Üsâ     Ù
*npu0[hj^«[­¿!¡0^hji0u0^°\°oxwx^pvko0\_[[fg^w9zvgnpd[u¦hg^]£¯^]hj^]dzk]^_n\i{ul^v   E §C*nul[hg^«`M§.iF©©i{dMw   H §@*nul[hj^_`M§¯M©g©Qi{dMw fjX[^
vji{\_^np\_i0u0^«vg^f) " ª *npu0[hj^vQM§¯M©i{dzwz§Rwz©Xzi¢¡l^_M^^]dfghsi{dMv£¯olhg\_^wVnpdlfjoKfgX[^)vgi0\°^«i-d[^«vMi0k^ilv!*nul[hg^7vz§Ril©
i0dzwKz§.k7©hg^7v3^kfgnp¡0^]p0t[i0dzwk]i{dfjX[^]hj^£¯olhg^M^k]o0\_zi0hg^7w)wxnphj^kmfjlª
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ô|Ð÷ = ñÜmØRÜmÖÐsÒxÞRÒ¼Ñ¼ñÔ5Üsâ     Ù ôö{÷ = ñÜmØ.ÜmÖÐsÒxÞRÒ¼Ñ¼ñÔÜsâ       Ù
*npu0[hj^#7Ã[­¿!¡0^]hsi{ul^\_oxwx^]|v²k]o0\_[xfj^w zvnpd[u)hg^]£¯^]hj^]dzk]^np\_i0u0^7v   E §@*npu0[hj^ `M§.il©g©¤i0dzwU  H §@*npu0[hj^ `M§¯M©g©¤i0dzw¦fjX[^
vji{\_^Tnp\i{ul^vg^f  " ª *!npu0zhg^7Ãz§.M©ÁXzilv¾3^]^dfjhji0dzv£¯olhg\_^7wndFfgo¤fgX[^Yvji{\_^i-_dz^vgzi0k]^Ti0v *nul[hg^$z§Rk©¹i0dzwki{dQfjX[^]hj^£¯olhg^
3^#kol\_zi{hj^w9wxnphg^7kmfgp0ª o0\_zi0hg^7wV¬nfgX$*npu0[hj^«[t!fgX[^7v^«vgpnpk]^vi0hg^°fji)(0^d9¬Xz^]hj^_fgX[^hg^n|vQ\_o0hj^¡i{hjnpi0[npnf;ndfjX[^
k]o0hgfg^Ä«i0hg^7ii{dzwfgXLzv¬X[^]hj^¤ol[hhj^]ulnpvfghsifjnold_\°^]fgX[oxw +zdzw[v$kolhghj^vgMoldzwx^dzk^7vBnd)¬X[n|ksX«¬^²Xzi¢¡0^¤^7vgv$koldG+Mwx^dzk^lª5¿²v
ki{d;3^ vg^]^d¹tMnpd¦fjX[^vg^hj^]ulnoldzvYfgXz^\_oxwx^]n\i0u0^n|v¤p^vjv¤k]^7i{hi{dzwKfjX[^ k]o0dFfghsi0vf3^f¬$^]^]d u0hsi¢)i{dMw¦¬X[nfg^\i{ffg^h¤n|v
p^vjvY[hjo0d[ol[dzk^7wÁª
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*npu0[hj^_»)[hj^vg^]dFfsv¤dL[\ M^hjvvgX[o¬ndzu#fjXzifQo0zh\_^]fgX[oxw9ko0dMvfjhgzkfjvi¢¡0^hji0u0^\_oxwx^]|v¬$^]phj^]zhg^7v^dlfjndzu«fgXz^_i¢¡l^]hsi{ul^
npdFfg^]dMvnf i0dzw vgXzi0M^o0£Mo0zhBn\i{ul^v^]fjvª!bed_zi0hfjnpk][pi0ht*npu0[hj^»[§Ril©vXzo¬vfgXzi{ffjX[^i¢¡0^hji0u0^$wxnpvfji0dzk^$£¯hjo0\ o0d[^Ynp\_i0u0^
fjo«fgXz^ vg^f²^^\_^]dFfjv²¡i{hjn^7v3^f¬$^]^]d ¸zª ¶l\_\ i{dzw »[ª »[]\_\Kª¤WYX[n|v²w[npvfji0dzk^hj^w[zk^7v¤i{dMw;vfsi¢xv3^f¬$^]^]d [ª µlµ{\_\ fgo
`zª `l¶{\_\ i{£½fg^]hfgX[^ +Mhjvfn®fj^]hsifjnold¹ª *npu0[hj^»[§.M©Yi{dzw;»z§.k7©$npMvfjhji{fg^i_\_ndzo0h¤vgXzi{3^Q^]¡lo0pxfgnpo0dKo0£!fjX[^\_oxwx^]|v¤i{f^i0ksX
nfg^hji{fgnpo0d¹ª *z[hfjX[^]hj\_o0hj^0tG*nul[hj^»[§.wM©Yi{po¬v$zv$fjo«k|i{np\·fgX[^¡Fn|vgzi{¹ilv3^kfYo0£!fjX[^Q\_oxwx^]|vksXzi{dzu0^vYold[p«\_nd[np\i{plª
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